Studies in Analytical Chemistry: I. New Methods for the Determination of Ash in Petroleum Crudes. II. Studies in Oscillographic Polarography. by Perkins, Gerald
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1951
Studies in Analytical Chemistry: I. New Methods
for the Determination of Ash in Petroleum Crudes.
II. Studies in Oscillographic Polarography.
Gerald Perkins
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
Part of the Chemistry Commons
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Perkins, Gerald, "Studies in Analytical Chemistry: I. New Methods for the Determination of Ash in Petroleum Crudes. II. Studies in
Oscillographic Polarography." (1951). LSU Historical Dissertations and Theses. 7981.
https://digitalcommons.lsu.edu/gradschool_disstheses/7981
a ftm is s  xn M hhtttQ hh a w m ism x
l*  NSJW ivm iom  FOR XHiS MfWTOATIQH OF ASH 
IH S*OTl01*sa&W OHU0ES 
X I. STUDIO IB’ 0801 LL0G-RAPHX0 POLAROaRAFHY
A D is s e r ta t io n
Subm itted to  th e  G raduate F acu lty  Of th e  
L ou is iana  S ta te  U n iv e rs ity  and 
A g r ic u ltu ra l  and M echanical O ollega 
i n  p a r t i a l  f u l f i l  Itaent o f  th e  
requ irem en ts f o r  th e  degree o f  
Doctor o f  P h ilosophy
i n
The Departm ent Of O hem istry
by
G erald P e rk in s , J r .
B .3 .,  S o u th eas te rn  La. C o lleg e , VphZ 




INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,




Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
P r o Q u e s t
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346
MANUSCRIPT THESES 
U npublished th e se s  sub m itted  f o r  the  m a s te rfs and doc to r*s 
degrees and d e p o s ite d  in  th e  L ou isiana  S ta te  U n iv e rs ity  L ib ra ry  
a re  a v a i la b le  f o r  in sp ec tio n *  Use o f any th e s is  i s  l im ite d  by th e  
r i g h t s  o f th e  author* B ib lio g ra p h ic a l  re fe re n c e s  may be n o ted , b u t 
passages may n o t be cop ied  u n le s s  th e  a u th o r has g iven  perm ission* 
C re d it  must be g iven  in  subsequent w r i t te n  o r p u b lish ed  work.
A l i b r a r y  which borrows th i s  th e s i s  f o r  use by i t s  c l i e n t e l e  
i s  exp ec ted  to  make su re  t h a t  th e  borrow er i s  aware o f th e  above 
r e s t r i c t i o n s •
LOUISIANA STATE UNIVERSITY LIBRARY
441
S 864
h o m o m a tm m ^
The au th o r w ishes to  ex p ress  h i s  g ra t i tu d e  f o r  th e  h e lp  and guidance 
o f  O r. P h i l ip  ft, W est, D r, Paul Belahay, D r, M g ar L , Gompera and Dr, George 
0 ,  J a f f a ,  Ha a ls o  w ish e s . t o  acknowledge th e  a s s is ta n c e  o f  h i s  w ife , V irg in ia  
H, P e rk in s ,
ii
t m m  op o c o th m s
PART I t  NSW METHODS POE THE DSKffctt NATION OF ASH I lf  PETROLEUM
0RU D 33,,,, &
X* XETEOmJOnOH MD REVIEW OF PREVIOUS WORK**.*,*.**,#*********#* I
IX .  EXPERIMENTAL«#**».** «#«#••**•«**» .*#***•*#*«**#*#»#*»«#*•+#••# 3
P re lim in a ry  s tu d ie s  o f  p re s e n t m e t h o d s 3
I n v e s t ig a t io n  o f  enclosed  com bustion m ethod#* .** ..*********. 7
I n v e s t ig a t io n  o f  f l y  a sh  recovery  m ethods.•****«**#* .••» ••#  ,.'10
D iscuss ion  o f  r e s u l ta * tM »t*«*«**«   21
i n *  B iB u o a a ^ p a i  ............**#•#*.......... * .»*«#............................ • 2a
PART l i t  STUDIO IK  OEOILLOGRAFHia POLAROCIRAFBY................. . * . # . ♦ ♦ # ♦ . . . * .............. 30
I*  IHTEOBOOTSQH AKD RBVX2V 0 "1 PROT003 WORK*.*. . . * # * . ..................... ##
I I .  PHENOMENA OCCURRING W U m  THE QUIESCENT PERIOD OP
THE VOLTAGE WAVS IN THE MULTI-SWEEP METHOD.**#...*. .■ ..*#*.#*.*
D e sc r ip tio n  o f  th e  in s t r u m e n t . .* * . . . .* #  • •* • •« * • • •* # •« • • .• « • •  36
Technique of th e  m easurem ents• « .• * « • • » * « • .• • « • # » * * .• • • # .• • • •  31
V a ria tio n  o f  th e  c o n c e n tra tio n  of re d u c ib le  substance  
d u ring  th e  q u ie sce n t p e rio d  o f th e  v o lta g e  w ave.* • • * .# .* # . . .
V a r ia t io n  o f  th e  peak c u r r e n t  d u rin g  th e  drop l i f e . ,* # * * # .* .  41
V a ria tio n  o f  th e  maximal peak c u r r e n t  w ith  th e  head
o f  m ercury• • • • • • . . .* * .* •* « * * .* •* « •# •* .* •* •# • •# • •# .» « « •# .» •* #  4$
V a ria tio n  o f  th e  maximal peak c u rre n t  w ith  th e  aliapo
o f  th e  v o lta g e  wave• • * • .# .# • • * « .• » * • » ,» .* « . . .» « « .* # * • # • . .# * •  44
V a ria tio n  o f  th e  maximal peak c u rre n t  w ith  th e  r a t e  
o f p o te n t ia l  change*#*• .« * •« • .* * •« • .• • .* •# .# » • • ..« * * .# # * * * * •  4^
I I I .  A SINGLED WEEP OSCILLOGRAPHIC i-OL \ROORAPH « • • # * * , « * . * . . ................ * 30
i l l
D escrip tion , o f  th e  in s tru m e n t* * * * « •,•» « * •« » ••* * « ••••* » ••••» •
D e sc r ip tio n  o f  th e  p o la ro g rap h lo  c e l l •*»«*««.***»••*#•««••*• $2 
Technique o f  th e  m easurem ents**«••,« ,» * * •» # « * * « ••••••» •» * « » »  33
Summary*,•* * • • • •* • • •  * * * * * * » * * * • * » * • * * « * * « * * 3&
17, BIBLI ODRiPH Y * , « * *..............     **••*«•...........***** 37
V, V IT A .,,,, * * ..........     *****........................ * @1
V I, APPROVAL 3I13ST,*, «*»,•*»»****•*  ..........    87
lv
u s T  OF TABLES
I*  Comparison o f  S ev era l Methods o f  Ash D etorsaA nation,,  3
I I ,  V alues o f  Ash C onten t o f  V arious O ils  a s  Determined
by th e  L,S*l), M e t h o d , , 18
I I I ,  Comparison o f  L«S,U, and A#3,f,M , Methods With S y n th o ile  
Sampl es • « • * , « * * * « *
IV , D eterm ination  o f  l a t e  o f  M ercury Flow With and W ithout
C u rren t flow Through th e  PolarographA© C e l l , , 39
v
l i s t  o f  v tm n m
1 . V aried  Types of* A pparatus f o r  Ash D e te rm in a tlo n * .* ♦ * * * ..* » * ,* .. .  *» * . . .  2*5 
2t. C losed Byetom fo r  Ash D eterm ina tion . .»* .»**« .•****  . . .  »**».*,#,«»«***•» 24
5 . Drawing o f  Apparatus f o r  C losed System *. *♦*.#*.•*♦**** **.*.....****..,*** 35 
4* Ash D eterm ination  B o m b * .. .* * * . .* . . . . .* .* . .* .* * .* .* .  » ...* « « * .* * .*  . . . . * « «  26 
5* f r i t t e d  C lass Combustion C h a m b e r * . 38
6 .  C onstan t Feed A p p a r a tu s . . . .» « . . . . .* » .« * ..» * « « .* ,* * .. . .» * # * # * .# * * •* •* .«  2$>
7* V a r ia tio n  o f  peak C u rren t During Drop l i f e  f o r  V arious
Chapes o f  V oltage   ***** 62
8* V a ria tio n  o f  Peak C urren t During Drop L ife  f o r  Two
F re q u e n o ie g ..* .♦ ..* ♦ * • ..♦ * .* * * * * .* * * •* * .# .* * .* ..* * .# # ..* * * * * •# .* * .* * « »  6®>
9* V a r ia tio n  o f  th e  Maximal Peak C urren t w ith  th e  Rate
o f  P o te n t ia l  Change f o r  T hallous I o n **»• • • *• «•  64
10 . V a r ia t io n  o f  th e  Maximal Peak C u rren t w ith  th e  Rate
o f  P o te n t ia l  Change f o r  O obaltous Io n * . &?
11. V a r ia tio n  o f  th e  Maximal Peak C urren t w ith  th e  Rate 
o f P o te n t ia l  Change f o r  T hallous Ion  in  S ev era l
S upporting  E le c tro ly te s  * . . . .« * .* • • .« .• • • .* . . • * » » • * • * • « • * * * * • * * .* • • « • *  66
12 . V a ria tio n  o f  th e  Maximal Peak C urren t w ith  th e  Rate 
o f  P o te n t ia l  Change fo r  Hydrogen Io n  -  Single^Rweep
C on tras ted  w ith  M ultl«*@ weep.*..«.* •* .* ...* .« •* .* * * .« * .* .* .* * * « * » * .* * * *  &J
1 5 . V a ria tio n  o f th e  Maximal Peak C urren t w ith  th e  Rate 
o f  P o te n tia l  Change f o r  O obaltous Ion  -  Single~Rwoep
C on trasted  w ith  R fulti—Sweep.« .* * « « » • .• • » .* • .« • • * « . . .* « » • • * • * . . . • « .« « • .  68
1 4 . V a r ia tio n  o f  th e  Maximal Peak C u rren t w ith  th e  Rat©
Of P o te n tia l  Change fo r  lo d a to  Ion  ~ Single-Rwoop
C o n tras ted  w ith  M u lti-S w e e p ...* • * • • • • * « .• * • « • * • « . . • . .« .• « • .« * * * * # . . .» •  69
15* Block Diagram of a M ulti-Sweep O sc illo g ra p h ic  P o la ro g ra p h . ............10
16* P o la rog raph ic  C e ll f o r  S in g le—Sweep O sc illo g ra p h ic  P o la ro -
g r a p h . . . ......................................................................     71
vi
17* Block V agram  o f  a  Single-Sw eep O eoil lo g rap h io  P o la r © g r a p h . 72
13 . C i r c u i t  Btagrasi o f  a  Single-Sweep O sc illo g ra p h ! o P o la ro g rap h * .* * .* ***** 77
19* Sxanplo o f  Single-Sw eep Recording* M o d u la te d  H o riso n ta l ' '
3w©ep* and S ^ o d n la te d  Voltage Wave********•»«••».•*••.*«**••*+* «•**»•» 7&, • • 1 ' 1 r 1
2 0 . V arious Rat®® o f P o te n t ia l  Change A vailab le  w ith  th e  Single-*
Sweep In s tru m e n t.* *«.«« .# * #«»**«** *. ******.*>»•***«**••**y*v**.♦ .*'***•# 79
v i l
ABS-mot 
Sfumi23 XN ANALXTIQAl. aHBMXSTHT 
Those in v e s t ig a t io n s  were d iv id ed  in to  two p a r t s ,  com prising  th re e  
s tu d ie s ,  Xn th e  f i r s t  s tu d y , p re s e n t  methods o f  d e te rm in in g  a sh  i n  crude 
o i l s  w ere compared* A ll gave s im ila r  v a lu e s , F u rth e r  I n v e s t ig a t io n  gave e v i -  
dense  t h a t  a sh  was l o s t  d u rin g  th e s e  d e te rm in a tio n s  and t h a t ,  a s  a  conoequenoe 
o f  t h i s ,  th e  a sh  v a lu es  ob ta ined  w ith  th e se  methods were i n  e r r o r ,  th e s e  
methods were a l l  s im ila r  i n  th e  r e s p e c t  t h a t  th e  o i l  was burned away i n  an 
open v e s s e l ,  th e  re s id u e  was ig n i te d  to  c o n s ta n t w e ig h t, and th e  g a in  i n  
w e ig h t o f  th e  i g n i t i o n  v e s s e l  re p re se n te d  th e  w eigh t o f  ash  i n  th e  sam ple,
The i n i t i a l ,  f r e e —b u rn in g , s te p  appeared  to  be th e  a to p  i n  which ash  was l o s t ,  
S evera l methods f o r  d e te rm in in g  th e  a sh  v a lu es a c c u ra te ly  were i n ­
v e s t ig a te d  and th e  m ost prom ising  method was th e n  used  to  check s e v e ra l sam­
p le s  o f  o i l  and se v e ra l  la b o ra to ry  s y n th e tic  sam ples, The method made u se  
o f  a  hoed t o  g a th e r  th e  i g n i t io n  gases and th r e e  p h th a l l io  anhydride-packed  
f i l t e r  u n i t s  to  rec o v e r th e  e n tra in e d  a s h . A fte r e v a p o ra tio n  o f  th e  p h th a l l io  
an hyd ride , th e  recovered  ash  was added to  th e  ash  o b ta in ed  in  th e  i g n i t i o n  
c ru c ib le  i n  o rd e r to  determ ine th e  t o t a l  w eight o f ash  i n  th e  sam ple. The 
o i l  which had been used  to  compare th e  p re s e n t  method© and whose ash  c o n te n t 
had been c a lc u la te d  by th o se  methods to  be 0 .0024$ showed an ash  c o n te n t o f  
0 ,0067$  by t h i s  new m ethod. In  de te rm in ing  th e  ash  c o n te n t o f la b o ra to ry  
s y n th e t ic  samples th e  o ld  method©, a s  re p re se n te d  by th e  A*$*T,M, p ro ced u re , 
had an average  e r r o r  o f  30,76$, w hereas, th e  new method, known as th e  L ,% U , 
method, had an e r r o r  o f  on ly  6, 1$ ,
v i i l
The second and th i r d  s tu d ie s  ware i n  th e  f i e l d  o f os c l  11ograph ie  
po laro g rap h y , I r r e v e r s ib le  e le c tro d e  re a c t io n s  do n o t  g ive  v a lu es f o r  th e  
c u r re n t  which a g ree  w ith  th o se  p re d ic te d  by th e  R andles*3©vclk e q u a tio n , 
fo r  an  e x p la n a tio n  o f  t h i s ,  th e  phenomena which occur d u rin g  th e  q u ie sce n t 
pe rio d  i n  th e  v o lta g e  wave were in v e s t ig a te d .  I t  was dem onstra ted  t h a t  th e  
rat©  o f  d i f f u s io n  o f  reduced su b s tan ces  w ith in  th e  m ercury drop and th e  d©~ 
g ree  o f  I r r e v e r s i b i l i t y  o f  th e  anodic  process#  which occurs d u rin g  th e  qu ies*  
c e n t  p e rio d , c o n tr ib u te  to  th e  d e v ia tio n s  from th e  p re d ic te d  v a lu e s .
S tu d ies  were made o f  th e  v a r ia t io n  o f  th e  peak c u r r e n t  d u rin g  th e  
drop l i f e ,  th e  v a r ia t io n  o f  th e  peak c u r r e n t  w ith  th e  head o f m ercury, th e  
v a r ia t io n  o f  th e  peak c u rre n t  w ith  th e  shape o f  th e  v o lta g e  wave# and th e  
v a r ia t io n  o f  th e  peak c u r re n t  w ith  th e  r a t e  o f  p o te n t ia l  change, 'Hie r e s u l t s  
ob ta in ed  from  th e s e  s tu d io s  supported  th e  c o n te n tio n  t h a t  th e  I r r e v e r s i b i l i t y  
o f  th e  anod ic  p rocess c o n tr ib u te d  to  th e  d e v ia tio n s  from p re d ic te d  b e h a v io r . 
I n  o rd e r to  s e p a ra te  th e  in f lu e n c e  o f  anodic and c a th o lic  p ro cesses  
an in s tru m e n t was developed which made p o ss ib le  an improved method o f  0in g le *  
sweep re c o rd in g . The in s tru m en t lias been com plete ly  d e sc r ib e d .
I k
am methods am f a s  d btsh m in a tio t
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I n  -the pa tro loum  in d u s try  ther©  has long e x is te d  th e  ouep lo ion  t h a t  
p re s e n t p rocedures f o r  th® detari&Lnaiion o f a sh  i n  crude o i l s  g ive  v a lu e s  which 
a re  in a c c u ra te *  Thus fa r*  however, in v e s t ig a to r s  have on ly  t r i e d  to  m odify 
th e  p re s e n t  tech n iq u e  in  such a  way as to  o b ta in  re p ro d u c ib le  r e s u l t s  f o r  a 
s a r i  os o f  d e te rm in a tio n s  on th e  same o il*  fo r  exam ple, th e  le n g th  and tem pera­
tu r e  o f  i g n i t io n  have been a r b i t r a r i l y  f ix e d  i n  o rd e r  to  l im i t  v o la tiX issa tio n  
o f a sh  o r a t  l e a s t  to  males c o n s ta n t th e  amount o f ash  v o l a t i l i s e d ,  and a sh  
re s id u e s  have been t r e a te d  w ith  s u l f u r i c  a c id  b e fo re  i g n i t io n  in  o rd e r  to  e l ­
im in a te  v o l a t i l e  c h lo r id e s .  ThUa, e r r o r s  due to  lo s s  du ring  ig n i t io n  have 
been e s s e n t ia l ly  e lim in a te d  o r s ta n d a rd is e d , b u t s t i l l  th e  agreem ent between 
r e s u l t s  rem ains poor*
The purpose o f  t h i s  in v e s t ig a t io n  was to  study  th e  problem o f ash ­
in g , p la c in g  p a r t i c u la r  emphasis on th o se  s te p s  encountered  b e fo re  th e  f i n a l  
i g n i t i o n .  The ig n i t i o n  i s  e s s e n t ia l ly  a s te p  where c o n d itio n s  must be f ix e d  
a r b i t r a r i l y  s in c e  th e  n a tu re  o f  th e  m a te r ia l  d e fin ed  as aa s h M depends upon th e  
tem pera tu re  o f  th e  i g n i t i o n .  The study  re so lv ed  I t s e l f  in to  two phases? f i r s t ,  
an  in v e s t ig a t io n  was conducted of methods fo r  ash in g  th e  o i l  i n  a  c lo sed  v e sse l 
from which no ash  cou ld  escape; second, an in v e s t ig a t io n  was made of means fo r  
reco v erin g  any ash  which m ight bo lo o t  du ring  th e  cou rse  o f  th e  e x is t in g  pro­
c e d u re s . The In v e s t ig a t io n  was f u r th e r  designed  to  dev ise  a  p rocedure  which 
m ight be used as a ^yardstick** method fo r  e v a lu a tin g  o th e r  te c h n iq u e s .
The l i t e r a t u r e  covering  th e  su b je c t  o f  a sh ing  i s  n o t e x te n s iv e  *
There has been no broad study  o f  th e  problem and few re fe re n c e s  can bo found 
which d e a l w ith  i t  in  any way, Tho e s s e n t ia l s  o f a l l  th e  c u r re n t  p rocedures
1
aasp© embodied i n  th e  method d e sc rib e d  i n  The A*S*f.M* S tandards on Petro leum  
P roducts and L u b rican ts  f o r  19^5 (1)»  which i s  r e f e r r e d  to  h e r e a f te r  a s  th e  
*A*3#T*M* Method11# In  t h i s  procedure  a  30 gm* sample o f  th e  o i l  l a  weighed to  
th e  n e a r e s t  0*1 gm* Tine sample i s  p laced  l i t  a  ta r e d  p la tinum  c ru c ib le  and 
h ea ted  slow ly  to  th e  ig n i t i o n  p o in t  w ith  a  buns on flame# When th e  o i l  ig n ite s*  
th e  b u rner i s  removed and th e  o i l  i s  a llow ed to  burn f r e e ly  u n t i l  i t  has been 
e n t i r e ly  consumed.  The c ru c ib le  and con ten ts*  a  d ry  cake* a re  removed to  a 
b u rner o r to  a  fum&oe and ig n i te d  to  c o n s ta n t w eigh t a t  a  red  b o a t« The in ­
c re a se  i n  w eight r e p re s e n ts  th e  w eigh t Of a sh  p re s e n t  In  th e  sam ple.
The method r e fe r r e d  to  i n  t h i s  d is c u s s io n  a s  th e  11 S tandard O il 
Method* has been d esc rib e d  in  a  S tandard O il Company Of How Je rse y  memorandum 
on D eterm ination  o f  Ash In  Feed Stock® (7)* I t  l a  s im ila r  to  th e  A.S,T.M* method 
excep t t h a t  a  100 gm. sample o f th e  o i l  i s  employed and, a f t e r  having  burned 
o f f  th e  o il*  th e  re s id u e  i s  ig n i te d  i n  a  fu rn ace  a t  700^0 f o r  fo u r  hours*
Webber d is c u s se s  a  s im ila r  method fo r  de te rm in ing  a sh  i n  lu b r ic a t in g  g rea se s  
( 8 ) .  I n  t h i s  case  g lazed  p o rc e la in  c ru c ib le s  a re  used* Roberta* 3 te n z e l , 
and Sbere (4 ) advocate  th e  same method a s  t h a t  d e sc rib ed  i n  th e  A*$«T*M. method -  
50 m l, t o  200 ml* a cco rd in g  to  th e  s a l t  con ten t*  R* F e lg l has claim ed th a t  th e  
tim e n ecessa ry  fo r  d e te rm in a tio n s  s im ila r  to  th e  above i s  reduced w ith o u t lo s s  
o f  accuracy  by d i s t i l l i n g  o f f  90 y£ o f  th e  o i l  from an 3ng lar f l a s k  a t  a  p re s ­
su re  o f  one atm osphere and ash in g  th e  re s id u e  ( 2 ) .
ExpsaraawAL
E raU m lnary  S tud loa  o f  P raaan t Kathode
Th© f i r s t  s te p  i n  th© experim en ta l work was a  s tu d y  and com parison 
o f s e v e ra l  e x is t in g  methods* The methods w hich were used i n  t h i s  s tu d y  were 
th e  A*S*T«M* method, th© S tandard O il method* and th e  In fra -R ed  method* Th® 
f i r s t  two have a lre a d y  te e n  described*  In  th e  In fra -R e d  method two u n i t s  o f 
a  F ish e r  HIntr& -R © diator * were used w ith  on© d irec ted , upon th e  stir face  o f  th© 
o i l  and th e  o th e r  in v e r te d  to  g ive  bottom  h e a t ,  T his arrangem ent p rov ided  a  
tem pera tu re  o f  app rox im ate ly  180°G, A 100 gm, sample o f  th© o i l  was weighed
to  th e  n e a r e s t  0*1 gm* and p laced  i n  & ta r e d  p la tinum  d ish*  By means Of th e
in f r a - r o d  h e a t  th e  o i l  was evaporated  a s  f a r  a s  p o ss ib le  and th e  rem ainder 
was burned away a s  i n  th e  p re v io u s ly  d e sc rib e d  m ethods, Th© re s id u e  was ig ­
n i te d  i n  a  fu rn ace  a t  TOO degrees O enti grade f o r  fo u r  h o u rs , and th e  g a in  in
w eig h t re p re se n te d  th® w eigh t o f  ash  i n  th e  sam ple,
TWo samples o f o i l  were employed In  th e se  f i r s t  t e s t s ,  bo th  o f  which 
were su p p lied  by th e  L o u is ian a  D iv is io n  o f  th e  S tandard  O il Company o f  How 
Jersey*  On© was d es ig n a ted  a s  HReduced Crude Feed $388% and th e  o th e r  8Wlde 
Out P a r a f f in ic  Gas O il Feed ,rjZJ11,  Th® form er had an approxim ate a sh  c o n te n t 
o f  0 .0 4 $  and was a  th ic k ,  t a r r y  o i l*  The l a t t e r  had an approxim ate a sh  con­
t e n t  o f 0,0024^*
Th® A,3*T.ii* method re q u ire d  approx im ate ly  e ig h t  hours f o r  a  com­
p l e t e  d e te rm in a tio n  o f a sh , th e  S tandard  O il method, s i x .  This d if fe re n c e  i s  
p robably  due to  th e  in c re a s e d  su rfa c e  a re a  o f  th© platinum  d ish*  The t o t a l  
tim e re q u ire d  fo r  th e  In fra -R ed  d e te rm in a tio n  was f i f t y - s i x  h o u rs , f i f t y  o f 
which wore n e ce ssa ry  fo r  ev ap o ra tio n  under th e  In f r a - r e d  lamps* T his method
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kI s  n o t v a ry  s a t i s f a c to r y  dud to  th® f a c t  t h a t  a f t e r  app rox im ate ly  tw o - th ird s  
o f  th© o i l  has evaporated  a  © rust forma over th e  s u r fa c e , th u s  p rev e n tin g  f u r ­
th e r  evaporation*  When th e  c r u s t  l a  broken i t  qu lok ly  reform s* F u rth e r  tro u b le  
l a  encoun tered  in  bu rn ing  away th e  rem aining o i l ,  which has a  tendency to  b o i l  
and expand under th e  c r u s t ,  cau sin g  sm all e ru p tio n s  which may push t h e i r  way 
over th e  s id e  o f  th® c ru c ib le *
The r e s u l t s  o f  th e  ig n i t io n s  a re  p re sen te d  i n  fa b le  I ,  The A*3.T*M* 
method and th® S tandard  O il method g ive v a lu es o f  s im ila r  magnitude w hereas 
th e  In fra -R ed  method g ives v a lu e s  which a re  more c o n s is te n t  i n  them selves bu t
somewhat h ig h e r  th a n  th o se  o f th® o th e r  m ethods.
These h ig h e r v a lu es which were o b ta in ed  w ith  th® In fra -R ed  method 
in d ic a te d  t h a t  some o f  th e  a sh  m ight be l o s t  d u rin g  th e  burn ing  p e rio d  o f  th e  
A,3,T*K, and S tandard  O il methods*
I n  o rd e r  to  determ ine w hether t h i s  was th e  c a se , a  sim ple i n v e s t i ­
g a tio n  o f  th e  ig y iitio n  p ro cess  was undertaken* . A sample o f  o i l  was p laced  in  
on© o f  th® p latinum  d is h e s , s im ila r  to  th o se  used  f o r  th© S tandard  O il m ethod, 
and was ig n i te d  a t  th e  su rfa c e  and allow ed to  burn w ith  a  f r e e  flam e. A c le a n , 
c o ld , p o rc e la in  e v ap o ra tin g  d ish  was in v e r te d  i n  th e  flame* Soot d ep o s ite d  
on th© su rfa ce  o f  th e  d ish  and c o lle c te d  th e re  to  a  c o n s id e ra b le  depth* P e r i ­
o d ic a l ly  t h i s  d e p o s it  was c a r e fu l ly  removed from th e  d ish  and d ep o sited  i n  a
ta re d  p latinum  c r u c ib le ,  (Snough o f  th e  d e p o s it  was c o l le c te d  to  f i l l  th e
c ru c ib le  and th e  whole was v/sighed,) Th© c ru c ib le  was th e n  ig n i te d  a t  700 
degr©es C en tig rade  u n t i l  th© v/eight became c o n s ta n t ( i * e , ,  u n t i l  th e  carbon  
was com plete ly  burned aw ay). The ash  which remained was weighed and th e
o & e fa v a sm  o f  'W s h a l  m m m s  o f  a s h
m m
^ m m m m  a m ^ j p i a m a a  m s k s m m m
O.O56I  % a sh  0 ,0574  % a sh  0,0501 $  ash
0 ,0 5 9 4  0 ,045a  0,0507
0 ,04^6  0 ,0477
0,0457  0 .0504  $  avg .
0 .0470  O.04a7 % avg .
0 ,0 5 12
0 ,0442  $  avg .
O v era ll average fo r  a l l  methods A , , , , , , * , * * * . , * , , , , * ,  0,0449 #
Average d sv is tiio n  0*0045 ^
S tandard  d e v ia tio n  0 .0051 %
0X1 B
A3TM KBtHQD BW . .0X1 MffTHQT) X K .m ^ Q  .KffTHQP
0,0027 ^  a sh  0,0019 $  a sh  0,0026 % ash
0,0016 0.0021 Q.Q029
0 .0024
0,0022 % avg* 0 ,00^5 0 ,0028 % avg ,
0.0025
0.0050
0 ,0024  % avg*
O v era ll average f o r  a l l  methods 0 ,0024  %
Average d e v ia tio n  0 ,0005  %
Standard  d e v ia tio n  * « • • • , ,  0 ,0004  %
9
$percentag©  o f  a sh  in  th© so o t was determ ined* Two sam ples o f  th e  Wide (Jut 
F a r a f f in ie  Gas G il y ie ld e d  va lites o f  0*10%' end 0 * 1 ^  fo r  th e  a sh  c o n te n t o f  th e  
s o o t ,  i t s e l f *
To e s t a b l i s h  th® f a c t  t h a t  t h i s  a sh  was i d e n t i c a l  w ith  th e  r e s id u ­
a l  a sh  -  t h a t  which was recovered  a f t e r  ig n i t in g  th e  c ru c ib le  i n  which th e  
o i l  was burned — a  sp e c tro g ra p h ic  exam ination  was made* Samples o f  bo th  
r e s id u a l  a sh  and f l y  a sh  were analysed  w ith  a  la rg e  L ittro w  prism  s p e c tro ­
graph u s in g  a  carbon a rc  a s  th e  e x c i t in g  source* The sam ples were i d e n t i c a l  
i n  com position  w ith  re s p e c t  to  th e  elem ents p re s e n t , bu t i t  was no ted  t h a t  
th e  r e l a t i v e  p ro p o rtio n s  o f  th e  e lem en ts , as in d ic a te d  by th e  l in e  d e n s i t i e s ,  
v a r ie d  i n  th e  two samples*
Th® a n a ly s is  e s ta b l is h e d  th e  p resence  i n  bo th  ash  samples o f  th e  
elem ents vanadium, i r o n ,  n ic k e l ,  le a d ,  a in c , sodium , calcium  and s i l ic o n *
I n  th e  r e s id u a l  ash  vanadium and i r o n  were p re s e n t  i n  th e  l a r g e s t  p ro p o rtio n  
w h ile  s i l i c o n  was p re s e n t  on ly  a s  a  tra c e *  I n  th e  f l y  ash  th e  calcium  and 
s i l i c o n  were p re s e n t i n  th e  g r e a te s t  p ro p o rtio n  whereas th e  i ro n  and vanadium 
were p re s e n t  i n  on ly  a sm all amount* The r e l a t i v e  p ro p o rtio n s  o f th e  o th e r  
elem ents were l i t t l e  changed i n  bo th  samples*
T his s tu d y  in d ic a te d  t h a t  th e re  i s  a sh  l o s t  du rin g  th e  " f re e  burn­
in g '1 p ro ce ss , t h a t  t h i s  a sh  i s  id e n t ic a l  In  e lem entary  chem ical com position  
w ith  th e  re s id u a l  a sh , and th a t  th© l ig h t e r  elem ents have more tendency to  
be l o s t  as f l y  a sh  th an  do th e  h e a v ie r  elem ents* In  speak ing  o f  f l y  a sh  th e  
t e r n  i s  used  a t  p re s e n t  to  in c lu d e  a l l  a sh  c a r r ie d  away from th© ig n i t io n  
c ru c ib le  i n  any manner*
XagapiAg& tAga _ef S n o lo aod  C teate is tiw t MgMaaia
A fte r  d e te rm in in g  th a t, a sh  was b e in g  l o s t  du ring  th e  burn ing  p ro cess  
i t  seemed lo g ic a l  t o  t r y  to  d ev ise  some method f o r  p re v e n tin g  f l y  ash  lo o se s  
th rough  e lim in a tio n  o f  th e  f re e -b u rn in g  o p e ra t io n , T his would re q u ire  a  new 
tec h n iq u e  f o r  ash in g  th e  o i l  sam ple. I n  i3*e now method th e  o i l  would have 
to  be burned , i f  b u rn ing  was n e c e ssa ry , i n  such a  way t h a t  th e  a sh  would be 
trap p ed  i n  th e  I g n i t io n  v esse l*  I n  sh o rt*  I t  would be n e ce ssa ry  to  en c lo se  
th e  o i l  and flam e e n t i r e l y  and a llow  only  th e  ex h au st g ases to  escape*
The a p p a ra tu s  n e ce ssa ry  f o r  t h i s  s o r t  o f  a  com bustion cou ld  be 
e i t h e r  o f  two types*  I t  cou ld  be a  bomb* e n t i r e l y  c lo se d  o r i t  could  be a  
chamber frost which th e  com bustion gases would pass o u t th rough  some porous 
medium which would r e t a i n  a l l  ash* Due t o  th e  ex trem ely  sm all a sh  v a lu e s  o f 
m ost o i l s  a  sample s iz e  o f  no le s s  th an  15 gms« i s  a lm ost im p e ra tiv e , and t h i s  
c o n s id e ra tio n  ru le d  o u t  th® u se  o f  a  c lo sed  bomb. A ccordingly  a  m odified  
bomb was c o n s tru c te d  w hich would f i t  th e  second s e t  o f  requ irem ents*  I t  i s  
p ic tu re d  i n  ? ig ,  4 , I t  was c o n s tru c te d  e n t i r e l y  o f  s t a in l e s s  s t e e l  and con­
s i s t e d  o f  two p o rtio n s*  th e  upper u n i t  con tad  nod an i n l e t  tub© fo r  oxygon, 
a  need le  f o r  th e  in tro d u c tio n  o f  th e  o i l ,  and two e le c tro d e s  which formed 
a  sp a rk  gap below th e  n eed le  and were designed f o r  th e  i g n i t io n  o f  th© o i l*
The low er segm ent, w hich screwed t i g h t l y  In to  th e  upper p o r t io n , was machined 
to  ho ld  a  porous-bottom  p latinum  c ru c ib le  and was equipped w ith  an  ex h au st 
tu b e  whose e n tran ce  was covered  w ith  a  p e rfo ra te d  s to o l  p l a t e ,  which served  
a s  a  su p p o rt fo r  th© bottom  o f  th© c ru c ib le *
The o i l  sam ple, co n ta in ed  i n  a  hypodermic sy r in g e , was p laced  above 
th #  assem bly and connected w ith  th e  i n l e t  need le*  In  th e o ry , th e  o i l  was to
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&be fed  i n  dropw ise end ig n ite d  w ith  th© sp a rk , Oombustion, ones s t a r t e d ,  
would m a in ta in  i t s e l f  and th e  ex h au st gases would pass th ro u g h  th e  poreuc 
c ru c ib le  and th® exhaust tu b e , Th© c ru e lh ie  would r e t a in  th e  a sh  and a f t e r  
th© com bustion was com plete i t  cou ld  be removed and weighed i n  o rd e r  to  de­
term ine  th e  w eigh t o f  aoh*
This a p p a ra tu s  was c o n s tru c te d  b a t was never made to  work* During 
th e  t e s t s  i t  became ap p a ren t t h a t  on® o f  two th in g s  was n e c e ssa ry  i n  o rd e r  
to  ach ieve  com bustion *  e i t h e r  th e  o i l  and oxygen had to  undergo some form 
o f  c a rb u re t!o n , o r  th e  chamber had to  be m ain ta ined  a t  a  h i$ *  enough tem pera­
tu r e  t o  cause v o l a t i l i z a t i o n  o f  th e  o i l*  The form er e x p ed ien t would prove 
d i f f i c u l t  to  en g in eer and th e  l a t t e r  was im p o ssib le  because o f  c o rro s io n  o f  
th e  s t e e l  chamber by th e  oxygen a t  h ig h e r tem p era tu res  -  th e  c o rro s io n  p ro ­
duc t would in tro d u c e  e r r o r  in to  th e  dete rm ina tion*
I t  was th e r e fo re  decided  to  abandon th e  s t e e l  chamber i n  fa v o r  o f  
a  g la s s  u n i t  which would be im pervious to  th e  oxygon* With th e  In tro d u c tio n  
o f  g la s s  a s  th e  b u ild in g  m a te r ia l  i t  was n e c e ssa ry  to  change th e  d esig n  o f 
th® chamber com pletely* T his change r e s u l te d  in  a  s im p le r appara tus*  T his 
second in s tru m en t c o n s is te d  o f  a  sm all g la s s  com bustion chamber, connected  
w ith  i n l e t  tu b es  by a  ground~glB.se j o in t  and equipped w ith  a  f r i t t e d  g la s s  
bottom , which f i l t e r e d  th e  gases and , a t  th e  same tim e , served  as an exhaust 
po rt*  The com bustion was s t a r te d  by p la c in g  a m io ro -bu rner under th e  chamber 
and h e a tin g  i t  b e fo re  th e  In tro d u c tio n  o f  th e  o i l*  When com bustion was com** 
p le te  th e  p rev io u s ly —taxed  chamber was removed and rewaighod* I t s  d esig n
was such t h a t  I t  f i t t e d  e a s i ly  and se c u re ly  in to  th e  pan o f an a n a ly t ic a l  b a l ­
ance*
9The o i l  a r r iv e d  in  th e  chamber th rough  a  p o rc e la in  tube* Jack e ted  
w ith  a  g la s s  tu b e  th rough  which oxygen flowed* The end Of th e  p o rc e la in  
tu b e  should  bo J u s t  in s id e  th e  oxygen tu b e  in  o rd e r  to  ach ieve  th e  b e e t 
flasa©. The o i l  was fed  in to  th e  chamber by a c o n s ta n t  feed  dev ice  which was 
c o n s tru c te d  a s  fo llow s? a  c o n s ta n t speed m otor o f  l /*5 rpm was a tta c h e d  to  
a  worm d riv e  f i t t e d  w ith  a  th read ed  c o lla r*  The movement o f th e  c o l l a r  
se rved  to  p re ss  In  th© p lunger o f a  hypodermic sy rin g e  which he ld  th e  o i l  
sample* The sy rin g e  f i t t e d  in to  th e  end o f  a  s t a in l e s s  s t e e l  hypodenalc 
needle*  and th e  n e ed le  was o u t s h o r t  and cemented in to  th e  p o rc e la in  tu b e  
th rough  which th e  o i l  e n te red  th e  chamber* The chamber and i n l e t  tu b es  a re  
diagrammed i n  F ig , 5 and th e  c o n s ta n t feed  d ev ice  i s  p ic tu re d  In  F ig , 6*
I n  p r a c t ic e  th e  chamber was heated  to  c o n s ta n t w eigh t a t  ^00 de­
g re e s  C en tig rad e , a  tem p era tu re  which t e s t s  in d ic a te d  d id  n o t change th® 
w eigh t o f  th e  g la s s ,  Xt was th en  connected to  th e  I n l e t  tu b es and th® burner 
was p laced  under i t .  When th® chamber was s u f f i c i e n t l y  warm th® o i l  food 
dev ice  was s ta r te d  and th e  oxygen flow was connec ted . I g n i t io n  was spontan­
eous, When th e  o i l  was b u rred  com plete ly  away th® chamber was ooOled* p laced  
in  a  fu rnace  a t  500 d eg rees Oeniigrod® to  bum  o f f  any carbon  w hich m ight 
b® p resen t*  and w eighed, Th® g a in  i n  w eight re p re se n te d  th e  w eigh t o f  a sh .
This ap p ara tu s  was te s te d  f o r  ease* e ff ic ie n c y *  and c o n tin u i ty  p f  
combustion* and fo r  th e  e f f e c t  o f  th e  com bustion o f  th e  g la s s  cham ber, Th® 
r e s u l t s  showed t h a t  th e  flam s was e a s i ly  s ta r te d *  would m ain ta in  I t s e l f *  and 
t h a t  th e  com bustion was com plete . Ho harm ful e f f e c t s  to  th e  chamber were 
no ted  when i t s  dim ensions were th o se  in d ic a te d  in  th e  diagram . However* a f t e r
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a  p e rio d  o f  s e v e ra l  hou rs th© end o f  th© oxygon i n l o t  tub© would s o f te n  and 
sag  and e x tin g u is h  th e  flaaao* S ince approx im ate ly  $© hours wore n ecesea fy  
to  bum  lOO m l. o f  th e  o i l  a  com plete ru n  could  n o t  bo made w ith  th e  g la s s  
I n l e t  tube* I t  was n e c e ssa ry  to  us® e i th e r  a vyeor o r  p o rc e la in  tube* A 
p o rc e la in  t i p  was f a b r ic a te d  and cemented to  th e  I n je c t io n  tu b e , b u t  th e  con­
s t r u c t io n  was n o t  precis©  enough and d id  h o t  a llow  a  c o n s ta n t  c le a ra n c e  ab o u t 
th e  whale c ircum ference  o f th e  in n e r  tub©, a  n e ce ssa ry  f a c to r  i n  th e  p ro­
d u c tio n  o f  a  e y ta a e tr io a l and s o o t - f r e e  flam e, Th© p o rc e la in  t i p  was d i s ­
carded  and an  a tte m p t was made to  have th e  tube  b u i l t  o f  vy o o r, tfn fo rtm m te -  
l y ,  t h i s  cou ld  n o t  be accom plished and qnarrbltativ©  checks on t h i s  in s tru m e n t 
could  n o t  be m ade,
In v e a t i  n a tio n  o f  f l y  Ash Recovery Methods
As h e re to fo re  s ta te d  a n o th e r phase o f  th e  study  Of t i t le  problem  
was th e  in v e s t ig a t io n  o f  means f o r  rec o v e rin g  any ash  w hich m ight be l o s t  
d u rin g  th e  cou rse  o f e x is t in g  p ro ced u res . As a  f i r s t  s te p  in  t h i s  d i r e c t io n  
th e  u se  o f  some form of O o t t r e l l  p r e c ip i t a to r  was in v e s t ig a te d ,  McClendon, 
i n  a  d e te rm in a tio n  o f  t r a c e s  o f  Io d in e  i n  ig n i t io n  gases ( 3) ,  employed a 
form  o f  C o t t r e l l  p r e c ip i t a to r  w ith  good r e s u l t s ,  and Shrev© and Wei bo m  {J) 
employed a  C o t t r e l l  p r e c ip i t a to r  to  reco v er s o l id  m a te r ia l  from escap in g  
g a s e s . I t  was c o n s tru c te d  o f  JO sea* Pyrex tu b in g  w ith  & p iec e  o f  sc re e n , 
e ig h te e n  in ch es  long  and wrapped abou t th® o u ts id e , a c tin g  a s  one e le c t r o d e .  
The c e n tr a l  e le c tro d e  was a  le n g th  o f  1 /8  in c h  w elding ro d , Power was sup­
p l ie d  by a  p a i r  o f 12,000 v o l t  neon s ig n  tran s fo rm e rs  w ith  p rim a rie s  con­
nec ted  i n  p a r a l l e l  and seco n d a ries  connected i n  s e r i e s .
fh® f i r s t  p r e c ip i t a to r  c o n s tru c te d  f o r  th e  purposes o f  t h i s  in *  
v e e t ig a t lo n  eonsAated o f & g la s s  ehtsm ey w ith  an in s id e  disuaelor o f  60 m . 
and a  h e ig h t  o f  18 inches*  Th© o u te r  su rfa c e  woe s i lv e re d  t o  a h e ig h t o f 
s ix te e n  In ohos, th u s  a llo w in g  th e  g la s s  chiim oy to  ho ld  a  charge* At th e  
to p  o f  th e  chimney wa© p laced  a  p la tinum  g&uae* The gauss© and s i l v e r  were 
oormoctod to  th e  o p p o s ite  te rm in a ls  o f  a  ep sfk  c o l l  such a s  l a  need in  do-* 
sons t  r a t io n s  o f d isc h a rg e s  th rough  gases* The spark  c o i l  was o p e ra ted  from 
a  s ix - v o l t  s to ra g e  b a tte ry *
The p la tinum  c ru c ib le  was p laced  ■ en a  t r ip o d  below th e  chimney 
w ith  th e  l i p  o f  th e  c ru c ib le  ex tend ing  somewhat in to  th e  chimney. The o i l  
was ig n i te d  a s  b e fo re  and allow ed to  bum  away* The a sh  and s e c t  were t o  be 
d ep o site d  on th e  s id e s  o f  th e  chimney o r  on th e  gau«©, from where th ey  cou ld  
be brushed in to  a  c ru c ib le  f o r  subsequent ig n it io n *  This a p p a ra tu s  was a  
f a i lu r e *  The gauss soon became blocked w ith  s o o t ,  th u s  d e s tro y in g  th e  d r a f t  
i n  th e  chimney and a llo w in g  smoke to  le a k  from th e  base* The a p p a ra tu s  i s  
p ic tu re d  i n  Fig* 1,
A second form  o f  G ottreX l p r e c ip i t a to r  was c o n s tru c te d  which was 
a  m o d ific a tio n  o f  th e  f i r s t  ty p e . Once a g a in  th e  chimney was used and , a s  
b e fo re , was s i lv e r e d  on th e  ou tside*  Down th e  c e n te r  o f  th e  tube  was p laced  
a  g la s s  rod wrapped lo o s e ly  w ith  nichrom e w ire* The w ire  rep laced  th e  gauss 
a s  one te rm in a l o f  th e  sp a rk  c o l l  secondary  w hile  th© s i l v e r  remained a s  th® 
o th e r  te rm in a l*  Th® s o l id  m a tte r  i n  th© gases d ep o sited  on th e  in s id e  o f th e  
chimney* h a te r ,  in s te a d  o f  s i lv e r in g  th e  o u ts id e  of th© g la s s  i t  was wrapped 
w ith  alusinum  f o i l*
In  t h i s  nppar* tus*  p io tu re d  in  Fig* a*, p r e c ip i t a t io n  was never, 
c o n s is te n t ly  good, and th e  problom o f  reco v ery  o f  th e  p r e c ip i ta te d  m aterial® , 
wan a  m ajor one* A lso , th e  p r e c ip i ta te d  so o t formed s tre am ers  which would 
s h o r t - c i r c u i t  t h e  te rm in a ls  i f  th e  g la s s  chimney we® a t  a l l  d i r t y  on th e  
o u ts id e *  The d isc h a rg e  would move from th e  aluminum, a lo n g  th e  g la s s  mar* 
f a c e ,  in to  th e  tu b e , and a c ro ss  th e  stream er® t o  th e  nichrom e w ire#
W ith th e  f a i l u r e  o f  t h i s  a p p a ra tu s  C o t t r e l l  p r e p ip i ta to r s  and th e  
presip ite-b iom  method were abandoned in  fav o r o f  a b so rp tio n  methods*
A t r a i n  o f  l iq u id  t r a p s  was designed  which i s  p ic tu re d  i n  Fig* lo* 
The ig n i t io n  took  p la c e  i n  a  p la tinum  c ru c ib le  p laced  under a  fi^m el-shaped  
hood and th e  ig n i t io n  gases were drawn th rough  th e  t r a i n  by a tta c h in g  th e  
ex h au st end t o  an  a s p i r a to r  o r  su c tio n  pump* T ea ts  wore made w ith  a  v a ry ­
in g  number o f l iq u id  t r a p s  and th e  t r a p s  were f i l l e d  v a r io u s ly  w ith  w a te r , 
and ouch s o lu t io n s  a s  ammonium hydrox ide , h y d ro ch lo ric  a c id ,  n i t r i c  acid*
As many a s  fo u r u n i t s  were employed a t  one tim e , b u t  th e  s o l id  m a tte r  was 
n o t  removed from th e  gases* The l iq u id  t r a p s  had to  be evapora ted  i n  o rd e r  
to  rec o v e r th® ash  and s in c e  t h i s  re q u ire d  b o th  th e  ex p en d itu re  o f  c o n s id e r­
a b le  tim e and th e  a p p lic a t io n  o f  a  c o r r e c t io n  f a c to r  -  o r  sb lank  v a lu e {t -  
to  compensate fo r  th e  s o l id s  i n  th© o r ig in a l  s o lu t io n s ,  a la rg e r  number o f 
u n i t s  would have been im p ra c tic a l*  S ince fo u r  scrubber®  d id  n o t c le a n s e  th e  
gases t h i s  ap p ara tu s  was a ls o  abandoned*
Entrapm ent o f  th e  e n tra in e d  s o l id s  s t i l l  seemed th® moat lo g ic a l  
method fo r  dem onstra ting  t h e i r  p resence  i n  th e  i g n i t i o n  gases and f o r  t h e i r  













































At t h i s  p o in t  an o th e r q u a l i ty  was added to  th e  l i s t  o f  th o se  con-** 
a id a re d  d e s ira b le *  I f  th e  f i l t e r  m a te r ia l  cou ld  bo sublim ed o r  evapo ra ted  
th e  a sh in g  s to p  could p robably  bo ssade more ra p id  and lo s s  troublesom e #
Again w ith  th o se  q u a l i t i e s  i n  mind a  l i s t  o f  o rg an ic  compounds was c o n s id e r -  
ed and p h th a l l io  anhydride  was so l  so tod* P h th & llie  anhydride  cou ld  be 0b» 
ta in e d  cheaply* i n  la rg o  q u an tity *  and w ith  a  n e g l ig ib le  ( lo s s  th a n  & ppm) 
a sh  c o n te n t * Moreover* i t  cou ld  bo evaporated  a t  a  low tem p era tu re  and it©  
n o e d le - l ik e  c r y s t a l  s t r u c tu r e  c o n tr ib u te d  a  l a t t i c e  typo  o f  packing i n  th e  
u n i t  which appeared  Id e a l  f o r  th e  easy  passage o f th e  gas and th e  e f f i c i e n t  
en trapm ent o f  th e  ash# C onsequently , i n  a l l  f u r th e r  work w ith  t h i s  a p p a ra tu s  
Baker and Adamson re a g e n t grade p h th a l l io  anhydride  was employed a s  th e  f i l ­
t e r  medium.
To In su re  co n d en sa tio n  o f  th e  v o l a t i l e  a sh  a  w ater ja c k e t  was 
p laced  around each  f i l t e r  u n i t  and th e  l iq u id  t r a p s  were abandoned e n t i r e ly *  
The ap p a ra tu s  was m od ified  in  g en e ra l d esig n  to  th a t  ap p ea rin g  In  Fig# l o .
The f i l t e r  u n i t s  were charged eta fo llow s#  a  c i r c l e  o f ashlee©  f i l ­
t e r  paper* supported  by a  p lug  o f co tton*  was p laced  over th e  lower* o r ex­
haust*  s to p p e r; f in e ly  crushed phtbaXXlo anhydride  was p laced  over th e  f i l t e r  
paper and above th a t*  ex tend ing  fo r  a  h e ig h t o f abou t two inches* was p laced  
c o a rse ly  p u lv erized  ph thaX lie  anhyd ride  c ry s ta ls *  The whole assem bly was 
mounted a s  p ic tu re d  and w h ile  th e  o i l  was burn ing  a  c o n s ta n t stream  o f a i r  
was drawn in to  th e  hood and th rough  th e  system  by moans o f th e  a s p ir a to r s *
The volume flow  th rough  th e  u n i ts  and th e  number o f  u n i t s  u t i l i z e d  could  
he c o n tro l le d  by th e  a s p ira to r s *
A fte r  th e  tu rn in g  p ro cess  wee Complete th e  c ru c ib le  wMoh h e l l  th e  
sam ple wee removed and h ea ted  to  c o n s ta n t  w e ig h t a t  |00  d eg rees O en tig rade  
i n  a  snaffle  fu rn ace  end th e  a s h  v a lu e  o b ta in ed  was ta m e d  " re s id u a l  a s h 1**
The p h th a l l io  anhydride  and th e  a sh le a s  f i l t e r  paper from th e  f i l t e r  u n i te  
( to g e th e r  w ith  th e  so o t d e p o s i t  from th e  i n t e r i o r  o f th e  hood m d  connec ting  
tu b e ) were t r a n s fe r r e d  to  a  ta re d  p latinum  d is h  and p laced  In  an  oven a t  ISO 
d eg rees  O en tig rade  where th e  p h th a l l io  anhydride evapora ted  away# th e  c ru ­
c ib le  was th e n  p laced  i n  a  fu rn ace  a t  700 deg rees C en tig rade  and b rough t to  
c o n s ta n t  w eight* The g a in  i n  w eigh t re p re se n te d  a sh  recovered  from th e  ig ­
n i t i o n  g ases and was ta m e d  Mf l y  ash** o r "recovered  a s h 0* When th e  two a sh  
v a lu e s  were added th e  t o t a l  re p re se n te d  th e  t r u e  a sh  c o n te n t o f  th e  o i l#
This a p p a ra tu s  was f i r s t  used  to  determ ine  th e  a sh  c o n te n t o f  th e  
"Wide Chit F a r a f f in ic  Gas G il Feed #$37% one o f  th e  o i l s  p re v io u s ly  t e s te d  
e x te n s iv e ly  w ith  th e  c u r re n t  p ro ce d u res . The r e s u l t s  o f  th re e  d e te rm in a tio n s  
have been ta b u la te d  below*
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These r e s u l t s  were more th an  th ro e  tim es as la rg e  a s  th o se  ob ta in ed  by any 
o th e r  method* This re p re se n te d  q u ite  an e r r o r  f o r  th e  p rev ious methods i f  
th e  L3U method were to  be considered  o o r re o t .
I n  th e  absence o f  any good method f o r  checking th e  r e l a t i v e  m e rits  
o f  th e  d i f f e r e n t  procedures th e  ones which could  lo g ic a l ly  be shown to  have
uth e  few er so u rc es  ©f ©rfcor cou ld  b© in f e r r e d  to  bo th© more c o r r e c t ,  to  
t h i s  end th© ap p a ra tu s  woo ag a in  m odified  i n  suoh a way a s  to  form a ^closed  
system * in to  which was in tro d u c ed  o n ly  f i l t e r e d  a ir*  t h i s  removed th e  pos­
s i b i l i t y  o f  h l^ h  r e s u l t s  duo to  a tm ospheric  duet#  The now a p p ara tu s  c o n s i s t ­
ed o f  th e  p re v io u s ly  d e sc rib e d  hood and f i l t e r  arrangem ent p laced  over a  
la rg o  in v e r te d  beaker which was ©quipped w ith  an  opening i n  i t s  bottom and 
s e v e ra l i n l e t  tu b e s  p ie rc in g  i t s  w a l ls ,  Th© beaker was in v e r te d  i n  a  pan 
o f  w a te r , th u s  e x c lu d in g  th© o u te r  a i r  e n tir e ly #  and enclosed  w ith in  was 
th© t r ip o d  and ig n i t i o n  c ru c ib le *  (A h o t p la te  was added to  keep th© o i l  
bu rn ing  a s  i t s  le v e l  become low in  th e  c ru c ib le ,  and th© w ire s  to  t h i s  h o t 
plat©  passed th rough  a  packed i n l e t  tu b e ,)  Th© o th e r  I n l e t  tu b es  served  f o r  
th© in tro d u c tio n  o f  a i r  w hich had been f i l t e r e d  th rough  a  g la s s  tu b e , ap­
p ro x im ate ly  e ig h te e n  In ch es long# packed w ith  g la s s  wool which was k e p t w et 
w ith  a  heavy o i l*  Th© ju n c tio n  o f  th e  hood and beaker was c lo sed  w ith  a mer­
c u ry  s e a l  and a  s l i g h t  p o s i t iv e  p re s su re  was m ain tained  a t  a l l  tim es t o  in su re  
no  leakage  o f  o u ts id e  a ir*
With t h i s  ap p a ra tu s  s e v e ra l sam ples o f  o i l  were checked, and th e  
r e s u l t s  a re  l i s t e d  in  Table I I*  Sine© th® r e s id u a l  a sh  f ig u re  I s  th® a am© as 
t h a t  which would b© ob ta in ed  w ith  th e  S tandard O il o r th e  A*3*T*M* method®, 
th e  th re e  columns -  r e s id u a l  a sh , recovered  a sh , and t o t a l  a sh  ** g ive a  p ic ­
tu r e  o f  th© d if fe re n c e  i n  r e s u l t s  O btained by th© two method®.
Average v a lu es have been l i s t e d  In  t h i s  ta b le *  The Prim al D f ig u re s  
were checked fo u r  t im e s , th e  Wide Out Gfae O il fo u r  tim e s , th e  F lask  Tower 
Overhead, and FD^KSO each th re e  tim es * The o th e rs  were checked b u t
IT
once* A ll d e te rm in a tio n s  on th e  same o i l  oheeked w ith in  5 ppm* on t o t a l  
ash* Th© e r r o r  duo t o  f l y  aoh was in d ic a te d  to  to  la rg e  and was a p p a re n tly  
a t  Ho tim e em ail enough to  he d isreg ard ed *
TO f u r th e r  cheek th e  accuracy  o f  t h i s  method and th e  r e l a t i v e  twMV 
I t s  o f  th e  d i f f e r e n t  p rocedures ■» th e  A*3*T*M* method and th e  L3TI method — 
a n a ly se s  were made o f  la b o ra to ry -p re p a re d  s y n th e tic  o i l  m ix tu re s ,  T his may 
o r  may n o t g ive  a  s u i ta b le  cheek, s in ce  th e  form in  which th e  ash  i s  p re s e n t  
i n  th e  o i l  i s  unknown and a  sy n th e tic  o i l  may n o t  have th e  p ro p e r t ie s  o f  th e  
n a tu r a l  o i l  which c o n tr ib u te  to  th e  fo rm atio n  o f f l y  ash* However* I t  could  
in d ic a te  w hether th e  r e s u l t s  o b ta in ed  by th e  new method were high*
S y n th e tic  s tan d a rd  samples were made by mincing a  m in e ra l o i l  base 
w ith  a  m etal n a p h th a m te , Th® m inera l o i l  base was Prim al B» su p p lied  by 
th e  Ssso L a b o ra to rie s* . The a sh  v a lu e  o f  th e  o i l  was to  be used a© a  blank* 
Four d e te rm in a tio n s  o f  t h i s  v a lue  were made by th e  L3TJ method (and th e  f o l ­
low ing r e s u l t s  were ob tained#
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Samples o f  i r o n  naphtbanat©  and n ic k e l  naph thanate  wore o b ta in ed  
from th e  3sao L ab o ra to rie s  and analyzed  fo r  th© m etal os fo llow s*
I HOB II APHTHAt? AT S t Samples were d ig e s te d  i n  a  K je ld ah l f l a s k  w ith  co n ce n tra te d  
s u l f u r ic  acid*  Bo c a ta ly s t  was employed* The r e s u l t in g  s o lu t io n  was evapor­
a te d  to  d r iv e  o f f  most o f  th e  s u l f u r i c  a c id , d i lu te d  w ith  d i s t i l l e d  w a te r ,
JB
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and th© i r o n  p r e c ip i ta te d  w ith  ammonium hydroxide# Th© i r o n  was weighed a® 
and t h i s  f ig u re  was d iv id ed  by th e  w eigh t Of th e  sample to  g ive  th© 
a sh  fa c to r#
KXOKSIL NAFHTHANATS* Samples were d ig e s te d  and evaporated  as fo r  th© i r o n  and 
th© n ic k e l  was weighed a f t e r  e le c t ro -d e p o s i t io n  on a  p la tinum  gau&© e le c tro d e *  
T h is w eigh t was converted  to  th© oxide and d iv id ed  by th e  w eight o f sample 
to  g ive  th e  a sh  fa c to r*
Th© s y n th e tic  o i l s  war© made a s  fo llow s* a  ta re d  p latinum  c ru c ib le  
was p laced  on th© b a lan ce  pen and in  th e  bottom  was p laced  a  sm all drop o f 
th e  oaph tha im te* T his was weighed and th e  w eight o f  th e  naphthan&t© was c a l ­
cu la te d #  Prim ol D was th en  added to  th© c ru c ib le  u n t i l  th© sample w eigh t 
was app rox im ate ly  20 gm* Th© w eight o f  th® Prim ol 0 was determined*- The 
c ru c ib le  was warmed and th© n& phthanaie d if fu s e d  th roughou t th© so lu tio n *
Th© sample was th e n  ashed* Three samples o f  th e . i ro n  s y n th e tic  and two sam­
p le s  o f  th e  n ic k e l s y n th e tic  were analysed*
The r e s u l t s  o f  th e  f iv e  runs a re  p resen ted  in  Table 1X1* The ©mount 
o f a sh  in  th e  Prim ol D was added to  th® amount o f m etal a sh  p re se n t i n  th© 
form o f  th e  naph thanate  and th© t o t a l  amount o f a sh  recovered  was compared 
w ith  t h i s  value* In  o rd e r  to  remove any q u e s tio n  a® to  th© a c tu a l  amount 
o f  a sh  i n  th e  m in e ra l o i l  base i t  was employed as a  blank* and th® v a lu e  added 
to  th© c a lc u la te d  r e s u l t  was based on th e  ash  va lue  o f  55 PP*®« f o r  th e  LSU 
method and an ash  v a lu e  o f  19 ppm* fo r  th© A*3*T*M* method* These f ig u re s  
were d e riv ed  from th e  average  o f fou r ash  determ ination®  by each method*
The m eta ls  used i n  th ese  d e te rm in a tio n s , i ro n  and n ic k e l ,  were
oom m i& cm  o f  m s m s  astm  m sthods
• WlfK aW H ^flO
  M . , M 1
Prime! D blank 
for U5U method
(b» 1  ,
52 35 55 33 35
Primol D blank 
fo r  AStK 
mothod 
(PP®0
IB 19 18 19 19
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fe ta l v t . o f 
aah to be re— 
covered
(PF»> 66 52 155 97 115 80 254 198 155 99
Amoimt re­
covered
(ppm) 80 34 157 91 110 58 263 201 140 63
3rror (ppm) 6 18 4 6 5 22 2$ 5 5 54
P e rc e n t  error 7 54.6 3 6*2 4.5  27.5 13.4 1 .5  3.7 54
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m eta ls  w hich d id  n o t appear t o  a  g re a t  e x te n t  i n  th® f l y  ash  which had been 
examined speetrogr& phiQ& lly* th e r e f o r e ,  th e  A*3,T,M# method and th e  L3U method 
should b o th  have been c lo se  t o  th e  c o r r e c t  v a lu e  ~ and th e  A#3*T,K, method 
should  have shown b e t to r  r e s u l t s  th a n  in  th e  c ase  where calcium # s i l ic o n #  o r  
sodium were th e  m e ta ls  under in v e s t ig a t io n .  These checks# then# gave th e  
A*3,f*N* method th e  b e s t  p o ss ib le  chance to  be c o rre c t*
As can be seen  from an  in s p e c tio n  o f  th e  r e s u l t s  th e  A*S*T*M, m eth­
od was much f a r t h e r  from th e  c o r r e c t  va lue  th a n  was th® 130 method* I f  i t  
had been assumed t h a t  th© I*3U method was c o r r e c t  and a  v a lu e  o f  *39 PP®** bad 
been used  i n  computing th e  a sh  i n  th e  blank f o r  each method th e  r e s u l t s  o f 
th e  A,3,T,!T, method would have been much f a r th e r  from th e  c o r r e c t  va lues*
D iscu ss io n  o f  R e su lts
P re se n t methods o f  ash in g  crude o i l  do n o t talc© in to  c o n s id e ra tio n  
any lo s s  o f  ash  which m ight occur du rin g  th© ig n itio n #  o r  f r e e —b u rn in g # s te p  
w hich i s  common to  a l l  o f  them* T his re se a rc h  has dem onstrated t h a t  a sh  may 
be recovered  from th© gases formed du rin g  tb s  ig n i t io n  s te p  which i s  i d e n t i c a l  
in  chem ical com position  w ith  th© ash  rem aining i n v th e  ig n i t io n  c ru c ib le .  I t  
may b© in fe r r e d  th a t  t h i s  recovered  ash  o r ig in a l ly  came from th© o i l  sample 
and re p re se n ts  an e r r o r  i n  method fo r  th e  e x is t in g  p ro ced u res , With th© 
p h th a l l ic  anhydride f i l t e r  a p p ara tu s  which wan designed d u rin g  th© co u rse  o f 
t h i s  in v e s t ig a t io n  th e  lo 3 t  ash  can be recovered  and th e  e r r o r  o f  e x is t in g  
methods e v a lu a te d , le v e r s !  samples o f  o i l  were checked and t h i s  e r r o r  was 
found to  be so la rg e  t h a t  in  no in s ta n c e  could i t  bo considered  n e g l ig ib le .
The a p p ara tu s  waa checked w ith  s y n th e tic  samples and found to  give a c c u ra te  
r e s u l t s .
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ls & b k d  f o r  n o t ra a  5
A hypodermic n e e d le , A, l a  cemented In to  a  p o rc e la in  tu b e , B, and 
b o th  a re  cemented in to  a  g ro u n d -g lass  j o in t ,  0* t h i s  assem bly f i t s  in to  th e  
j o in t  0* which i s  a tta c h e d  to  tb s  oxygen nosmle* D, and th e  oxygon i n l e t  
tu b e , 3* th e  com bustion chamber, F, w ith  f r i t t e d - g l a s s  end, 0f f a s te n s  t o  
th e  i n l e t  tu b es  a t  g ro u n d -g lass  j o in t ,  D-D*. J  i s  an ex te n s io n  f o r  th e  oxygen 
i n l e t  and H i s  a  hypodermic sy r in g e .
a?
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■ PAM I I
STUDISS JMOSOILLOOaAFHIO POLAHOSBAPBT
S»
im so B u o fio n  m o  m n w  of f -^ v io u s  work 
The o a th o d e-ray  o s c il lo g ra p h  h m  bo®n used a s  an in d ic a t in g  and r e ­
co rd in g  dev ice  f o r  d a ta  o b ta in ed  th rough  th© p r in c ip le s  o f  p o la r  ogr&phy*
Th© h o r iz o n ta l  d e f le c t io n  i n  th© cathode—ra y  tu b e  i© p ro p o rtio n a l to  th e  d i f ­
fe re n ce  o f  p o te n t ia l  a p p lie d  to  th e  p o la r  ©graph! o © ell and th e  v e r t i c a l  de­
f le c t io n  i s  p ro p o r tio n a l  to  th e  c u r re n t  flow ing  through th e  © ell* The r e -  
s u i t in g  OBOillosoope p a t te r n  g ives a  g rap h ic a l r e p re s e n ta t io n  o f  c u r re n t  at© 
a  fu n c tio n  o f  a p p lie d  vo ltage*
th e  m agnitude o f  th e  c u rre n t  flow ing  through th e  © ell a t  any mo­
ment i s  a  fu n c tio n  o f th e  s ia e  o f  th e  m ercury drop a t  t h a t  raoment. t h i*  has 
led  to  th e  developm ent o f two tech n iq u es f o r  reco rd in g  th e  wave* Th© f i r s t ,  
known aa th e  s ing le-sw eep  method and suggested  and used by Handle© (1 9 ) , 
u t i l i s e s  an  in s tru m e n t a ls o  d escrib ed  by Weidissaem (24) which employs a  r e ­
la y , i n  c o n ju n c tio n  w ith  s u i ta b le  e le c tro n ic  c i r c u i t s  and a c tu a te d  by th e  
madden v a r ia t io n  i n  c u r re n t  a t  th© f a l l  o f  a  d rop , to  app ly  a  © ingle, sawtooth 
sweep o f p o te n t ia l  to  th© c e l l*  Due c h ie f ly  t o  th e  method o f  synchron ising  
th e  v o lta g e  sweep w ith  th® f a l l  o f  th e  drop t h i s  method i s  n o t too  accu ra te*  
The second tech n iq u e  i s  one which re c o rd s  waves th roughou t th e  l i f e  o f  se v e ra l 
d ro p s. I t  i s  known as th© m u lti—sweep method* The wave o f  maximum h e ig h t 
corresponds to  th© maximum aisa® o f th e  m ercury drop , and, s in ce  th© m ercury 
drop a t t a i n s  i t s  maximum 3ia e  a t  th© moment o f f a l l i n g ,  t h i s  s i  a© 1© re p ro ­
d u c ib le , Waves a re  reco rded  d u ring  th e  l i f o  o f  se v e ra l drops in  o rd er to  in ­
su re  t h a t  maximum h e ig h t w i l l  be obtained*  This method ha© been developed 
and d i 3c u s3©d by Delahay (6) ,  who a t  f i r s t  u t i l i z e d  a  saw -too th  v o lta g e  wav®, 
b u t who l a t e r  changed to  a  saw -too th  wave w ith  a  q u ie sc e n t period* He ha® re ­





















































obtained as th® resu lt ©f th© osc illog raph ic  method do
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Sins® m in  p ro p o r tio n a l  b® th® head o f  m ercury , h» euad t  i s  im ro fao ly  pro** 
po rtien& l to  h* I  should  bo independen t o f  th e  head o f  m ercury (1 6 ) , Ho ox* 
p l ic a t io n  tr&s o ffe red *
Th® oeopo o f  t h i s  ia v o o t ig a i io n  was designed  to  in c lu d e  a  s tudy  o f  
thea® d isc re p a n c ie s  -  th e  e x ta n t  and. n a tu re  o f  t h e i r  d e v ia tio n s  from th® to *  
hav ieu r p re d ic te d  by th® Randl®s~3evoik eq u a tio n  and an  ex p la n a tio n  f o r  th o se  
d e v ia tio n s . Sin*® th e  in f lu e n c e  o f  th® anodic a® w ell a s  th*  c&thodic p rocess 
would be a  c o n tr ib u t in g  f a o to r  to  any deviation® * i t  wa® n ecessa ry  t o  d ivo rce  
^ 9  eae from th® e th e r  i n  o rd e r to  s tu d y  th e  e f f e c t  o f each* This could  be 
des® by u t i l i s i n g  th e  aingl«**ewe©p method* The aingle^Ewoep' method i s  o f  
f a r th e r  im port suae® i n  a n a ly t i c a l  a p p lic a tio n *  for*  n o t on ly  doe® i t  e lim ln*  
a te  th e  in f lu e n c e  o f  th® an o d ic  p rocess and th u s  decrease  th e  deviation®
£*wb th e  Handle a -S evo ik  equation*  b u t i t  a ls o  e lim in a te ^  e r r o r s  due to  f lu a tu *  
a l ie n s  i n  th e  drop tim e , th e  n a tu re  o f  which have boon d iscu ssed  by Del&hay 
and S t ie h l  (9) .
C onsequently  * uinglo-ow eep s tu d io s  wer© conducted and th e  knowledge 
ob ta ined  n o t on ly  ex p la in ed  th e  r o le  which th e  anod ic  p rocess played i n  th e  
d e v ia tio n s  from p re d ic te d  behaviour* b u t a ls o  v e r i f i e d  p re d ic tio n s  which had 
been made concern ing  th e s e  d e v ia tio n s*  An in stru m en t was developed which would 
sake poeelbl®  th e  re c o rd in g  o f  a  s in g le  sweep o f  p o te n t ia l  a t  th e  same moistent 
in  th e  l i f e  o f  each drop* I t s  d esig n  in c lu d ed  a  means o f  d e te c t in g  th e  f a l l  
o f  th e  m ercury drop and c i r c u i t s  f o r  th e  a p p lic a t io n  of a  p o te n t ia l  wave o f  
v a r ia b le  shape and frequency  a t  a  d e te rm in a te  tim e a f t e r  th e  f a l l  o f  th e  d rop . 
I t  i s  an  In s tru m en t which I s  s u i t a b le  f o r  a n a ly t ic a l  d e te rm in a tio n s  and which 
In c o rp o ra te s  a l l  th® advantages o f  th e  sing le-sw eep  method d esc rib ed  above*
i*  fhs$oic?2Sa caatraHsiia m m m  bub q u ism m t
PERIOD OF THE VOLTAGE WAVS IK  THE 
MULTI-0VSEP METHOD
I n  asolllograpM o polarography a potential d ifference lo  applied 
to  th* polfirograpfelo © ell in  th© form o f a saw-tooth voltage wav© with a 
quiescent period* A© th© p otential increases lin early  eora® iona or molecules 
p r e se t la  th© so lu tion  ar© reduced a t th© dr©pping«^®r©ury cathode, causing 
a corresponding current wav© in  th© c e ll  circu it*  At th© end o f  th© voltage 
©we©p th© p otential drops to  i t s  in it ia l  value* D u r in g  th© quiescent p e r i o d  
between voltage waves the ions or molecules which h a v e  been reduced atr© g e n ­
erally  reoxidised* Because o f th is  anodic process, the concentration o f re* 
dscibla substance a t the surface of the mercury d r o p  changes* F o r  th is  reason 
i t  we© suspected that some part o f  th© d i s c r e p a n c i e s  b e tw e e n  th ®  e x p e r i m e n t a l  
resu lts and th© wav© height calculated  b y  th© Randles—3©volk equation are 
caused by the anodic process occurring during the q u i e s c e n t  p e r i o d  b e tw e e n  
voltage waves*
In order to  study the influence of the anodic process the follow *  
ing three procedures were u t ilis e d t (X) The length o f the quiescent period 
i s  varied* Thus, with a ll  other conditions rem ain ing c o n s ta n t , any v a r ia t io n  
in  th© maximal peak current due to th® change i n  the length o f  the q u ie sc e n t  
period w ill afford information concerning the dependence o f  th e  maximal peak 
current upon the quiescent-period phenomenon (1*®*, anodic process)•
(2) O rdinarily, in  th© multi-©weep method, many sweeps o f potential occur 
during the l i f e  o f on© drop* Any e ffeo t upon the height of th e  current wave 







All measurements were made by the method previously reported by 

































































du® *1# th© a p p l ic a t io n  o f  th© f iv e  m i l l iv o l t s  word photographed on th e  &mi& 
f i lm  and th e  d is ta n c e  between th e  two t r a c e s  was measured*
{2) O urren t Ware H eight t o  M icroamperes
th e  c u r re n t  flow ing  in  th e  c i r c u i t  o f  th e  po laro g rap k lc  c e l l  p&saed 
th r o n g  a  known and v a r ia b le  r e s i s ta n c e  R and th e  p o te n t ia l  d if fe re n c e  de­
veloped a c ro s s  t i d e  r e a l  s ta n ce  was a p p lie d  to  th e  v e r t i c a l  d e f le c t io n  am pli­
f i e r  sad  su b seq u en tly  t o  th© v e r t i c a l  d e f le c t io n  p la te s  o f  th e  o sc illo g rap h *  
t t  th e  h e ig h t  o f  th e  wave was d esig n a ted  a s  B and th e  h e ig h t o f  th e  do f l e c t io n  
due to  th e  f iv e  m i l l i v o l t s ,  a s  measured above, was d esig n a ted  as B, th e n , 
according  t o  Ohm1© law:
t  *  b * l /R  (a )
CTt a f t e r  s u b s t i tu t in g  th© a p p ro p r ia te  value© t
X -  B. at 5 X V T* x I  (5)
B R
where th e  u n i t s  o f  H and D were th e  same* T his va lue  f o r  th e  c u rre n t  In  am­
peres was su b seq u en tly  converted  to  microamperes*
(5) Frequency o f  th e  V oltage Wave
A s i x t y  c y c le  s ig n a l was a p p lied  to  th e  v e r t i c a l  d e f le c t io n  p la te s  
of th e  o sc il lo s c o p e  w hile  th© v o lta g e  wav© was a p p lied  to  th e  h o r iz o n ta l  de­
f l e c t io n  p la te s*  I f  n  was th e  number o f  c y c le s  p re se n t i n  th© r e s u l t in g  s in e -  
wave p a t te r n  then  th e  frequency  o f  th© v o lta g e  was given by 60/n*
(4) V oltage Wave H eigh t and Rate o f  P o te n tia l  Change
Th© v o lta g e  wave which was im pressed a c ro ss  th© p o la r  ©graphic c e l l  
could  be a p p lie d  th rough  a  v o lta g e  d iv id e r  to  th© v e r t i c a l  d e f le c t io n  p la te s  
o f  th© o sc illo sc o p e *  Th© r e s u l t in g  p ic tu re  wao photographed* I f  th© h e ig h t
o f  'th i s  wave wee d esig n a ted  a s  h  and th e  h e ig h t  o f  th e  d e f le c t io n  caused  fry 
th e  f l e e  m i l l i v o l t s  was d esig n a ted  a s  0 , th e m
B»fe*.5s.l<r? *  A.,......     (4)
D v o lta g e  d iv id e r  r a t i o
T his gave th e  am plitude  o f  th e  p o te n t ia l  wav© i n  v o lts*
The tim e f o r  on© com plete v o lta g e  wave was ©qua! to  th e  r e c ip ro c a l
o f  th e  frequency* One com plete wave o f  t o t a l  p e r io d , p , had a  q u ie sc e n t
p e rio d , q* The f r a c t io n  o when m u lt ip l ie d  fry 1 / f , whore f  I s  th e  fro *
*
quenoy, gave th e  tim e , in  seconds, d u rin g  which th e  v o lta g e  was changing*
I f  th e  r a t e  o f  p o te n t ia l  change was d esig n a ted  a s  V, thorn
v  s  B x f  x p 0 )
p * q
0 )  Drop Time
The drop tim e  was determ ined fry m easuring , w ith  a  afro pc i ook, th e
tim e n e c e ssa ry  f o r  th e  f a l l  o f  te n  m ercury drops and d iv id in g  t h i s  v a lu e  fry
(6) The S a te  o f  flow o f M ercury Through th e  O atp illary
The mass o f f i f t y  m ercury drops was determ ined on an  a n a ly t ic a l  fral 
aoBC© end d iv id ed  fry th e  tim e re q u ire d  f o r  t h e i r  passage th rough  th e  c a p i l l a r y
TfcrtftUon o f  th e  q o n o en tg a tio a  eg jjatotriLU*.
During th e  a i lc s o a a t  P ario d  o f  th a  ,& p f
B efore th e  f i r s t  sweep o f  p o te n t ia l  occu rs In  th e  e a r l i e s t  s ta g e  
o f  a  new m ercury d ro p , th e  c o n c e n tra tio n , 0e ,  o f re d u c ib le  m a te r ia l  a t  th e  
su rfa c e  o f  th e  e le c tro d e  l a  equal to  th e  bulk  c o n c e n tra tio n  0o # During th e
s i r o f  p o te n t ia l  th e  re d u c ib le  m a te r ia l  r e a c t s  a t  th© e le c tro d e  and 0S 
decrease*  p ro g re ss iv e ly *  G onoon tration  0a l a  th u s  sm a lle r  th a n  $0 a t  th e  
beginn ing  o f  th e  q u ie sc e n t p a rio d  fo llo w in g  th e  f i r s t  sweep o f  p o te n t ia l*  
R educible m a te r ia l  w i l l ,  t h e r e f o r e ,  d i f f u s e  tow ard th e  e le c tro d e  d u rin g  th e
q u ie sce n t period*  I f  e q u ilib riu m  oould bo reached  a t  th e  end o f  th e  q u ie s ­
cen t p e r io d , 0a would th e n  be equal to  0o* During th e  q u ie sc e n t p e rio d  th e
m a te ria l w hich has been reduced d u rin g  th e  p reced ing  sweep o f  p o te n t ia l  may
be reo ad d ised  (7 ) to  th e  o r ig in a l  re d u c ib le  form* I n  th e  c a se  o f  a  r* v * rs i~
H o  e le c tro d e  r e a c t io n  th e  anodic  p ro cess  I s  com pleted b e fo re  th e  end o f  
th e  q u ie sc e n t p e riod*  C o n cen tra tio n  0o i s  th e n  p r a c t i c a l l y  equal to  G0 be* 
fo re  th e  second sweep o f  p o te n t ia l  occurs* t h i s  p ro cess  re p e a ts  i t s e l f  du r­
in g  th e  l i f e  o f  th e  m ercury d rop , Ga being  equal to  0o be fo re  each sweep o f  
p o te n tia l*  As a  r e s u l t ,  th e  maximal peak c u r re n t  p r a c t ic a l ly  obeys th e  
? iaadles-0eveik  equation*
I f  a  m eta l s o lu b le  i n  m ercury l a  formed by re d u c tio n  o f  a  c a t io n , 
t h i s  m eta l d i f fu s e s  tow ard th e  c e n te r  o f  th e  drop d u rin g  th e  sweep o f  po­
te n t ia l*  During th e  fo llo w in g  q u ie sce n t p e rio d  th e  m etal i s  reoxidt® ed and 
th e  m eta l which has d if fu s e d  In s id e  th e  drop now d i f fu s e s  toward th e  su rface*  
t h i s  d i f f u s io n  p rocess may l im i t  th e  r a t e  o f  th e  re o x id a tlo n  re a c t io n  occur­
r in g  d u rin g  th e  q u ie sc e n t p e rio d  even i n  th e  case  o f  a r e v e r s ib le  e le c tro d e  
re a c tio n *  However, t h i s  e f f e c t  i s  g e n e ra lly  n e g lig ib le  when th e  r a te  o f  po­
t e n t i a l  change i s  sm a lle r  th an  f i f t y  v o l ts  per second, th e  q u ie sc e n t p e rio d  
being  o f  th e  same o rd e r o f m agnitude as th e  p erio d  o f th e  v o lta g e  wave*
I n  th e  case  o f  an  i r r e v e r s ib l e  e le c tr o d e  r e a c t io n  th e  r a te  o f  th e  
an od ic  p r o c e s s  g r e a t ly  depends upon th e  v a lu e  o f  th e  p o t e n t ia l  o f  th e  d ro p p in g -
41
m ercury e le c tro d e  d u rin g  tb s  q u ie sc e n t p e rio d  • I f  th e  anodic  p ro cess  re q u ire *  
a  la rg e  o v e rv o lta g e , th e  r a t e  o f  reo x i& atio n  may he v e ry  sm all*  I f  th e  ever*- 
v o ltag e  i o  sm a ll,  r e e x id a t ie n  may proceed to  a  la rg e  e x te n t*  Very o f te n  th e  
anodic p ro cess  w i l l  n o t  bo com pleted .befo re  th e  n e x t sweep o f p o te n t ia l  o c c u rs , 
M  a  r e s u l t*  th e  c o n c e n tra tio n  0a b e fo re  each  etreep o f p o te n t ia l  d e c rea se s  
a s  th e  drop g ross*  The maximal peak c u r re n t  i s  a c tu a l ly  measured f o r  a concen­
t r a t io n  o f  re d u c ib le  su b stan ce  sm a lle r  th a n  th e  bu lk  c o n c e n tra tio n  0q» The 
geadlee—Seveik  e q u a tio n  th e re fo re  can n o t be a p p lie d  to  an  i r r e v e r s ib le  e le c ­
trode  r e a c t io n  when th e  m ulti-sw eep  method o f  measurement i s  used* 
y.rt«t.lon of Peak Ougrant Owing tho Oroa.Ufe
The in f lu e n c e  o f th e  d ecrease  I n  c o n c e n tra tio n  0S was s tu d ie d  q u s n ti-  
t& tlvo ly  by m easuring th e  h e ig h t  o f  each wave o ccu rrin g  d u rin g  th e  l i f e  o f  
e&e drop* T his method has a lre a d y  been a p p lie d  by Dolahay (6)*  The lo g arith m  
of th e  c u r re n t  co rresp o n d in g  t o  each peak was p lo tte d  a g a in s t  th e  lo g arith m  
o f th e  tim e a t  w hich th e  peak occu red , A s t r a ig h t  l in e  having  a  s lo p e  0*66 
should have been o b ta in ed  i f  th e  rtandlos—Sevcik a q u a tio n  was a p p lic a b le  (se e  
form ula 1) ,  The method was a p p lie d  to  th e  re d u c tio n  o f  Go io n  in  o rd e r  to  
ctudy th e  v a r io u s  f a c to r s  a f f e c t in g  th e  d ec rea se  in  c o n c e n tra tio n  0a * The 
d a ta  has been p re sen te d  g ra p h ic a l ly  in  f ig u re s  7 and 8 ,  Before ap p ly in g  t h i s  
method i t  was n e ce ssa ry  to  a s c e r ta in  t h a t  th e  rat©  m o f th e  flow o f  m ercury 
did n o t v a ry  d u rin g  th e  drop l i f e *  This was v e r i f i e d  in d i r e c t ly  by m easuring 
a  when th e  c e l l  was d isconnec ted  and when an o s c i l lo g ra p h ic  wave was being  
reco rd ed . The v a lu es  o f  m, which have been reco rded  i n  Table IV, were p r a c t i ­
c a l ly  th e  same i n  both  cases*
(1 ) In flu en ce  o f  th *  shape o f  t h e  v o lta g e  wave*
I n  f lg o r»  |  wore p lo t te d  t h e  v a lu e s  o f  lo g  I  v e r s u s  lo g  t  f o r  a  
10*9 m olar c o b a l t  n i t r a t e  s o lu t io n  fo r  th ro e  shape© o f  th e  v o lta g e  wave o h o r-  
ac ts rifc sd  by a  r e l a t i v e l y  s h o r t ,  a  medium, and a  long q u ie sc e n t period* The 
s lo p e  o f  th e  p l o t  lo g  I  vs* lo g  % decreased  a s  th e  drop grew* In  th e  e a r ly  
s ta g e  o f th e  d ro p  th e  e lo p e  was p r a c t i c a l l y  0*66 and was independen t o f  th e  
shape o f  th e  v o l ta g e  wave* The e lo p e  fo r  th e  f i n a l  s ta g e  o f  th e  sasrcury drop 
was sm alle r th a n  0*66 because o f  t h e  decrease  i n  th e  s u r f a c e  eonaen ira ticm  
09* T his s lo p e  d e c re a se d  when th e  r a t i o  o f  th e  q u ie sc e n t p e rio d  q to  th e  
p e tted  p o f  th e  v o l ta g e  wave decreased  a s  shown by th e  fo llo w in g  r e s u l t s  i 
f» t  qfp  e q u a l t o  0*14, 0*55# and 0*62 th e  s lo p e  f o r  th e  f i n a l  ©tag® o f  th e  
drop was 0*51 , 0*57# and 0*60 re sp e c tiv e ly *
(&) In f lu e n c e  o f  th e  r a t e  o f  p o t e n t i a l  change
When th e  r a t e  o f  p o te n t ia l  change was in c re a s e d , th e  q u iescen t 
period became s h o r te r*  T hus, l e s s  tim e was a v a i la b le  t o  th e  anod ic  and &if«* 
fu s io n  p ro c e sse s  o c c u r r in g  d u r in g  th e  q u ie s c e n t  period* V oltage waves o f  
two f re q u e n c ie s  w ere em ployed i n  t h i s  s tu d y  m fo u r  swoops per second and 
te n  sweeps p e r  seco n d . The r a t i o  q /p  was 0*5^ i n  each c a se , and th e  r e s u l t in g  
r a te s  o f  p o t e n t i a l  change w ere 9*0 volt®  per second and .,2 3 * 5  v o l ts  p e r second, 
r e s p e c t iv e ly .  As a  r e s u l t ,  th e  d ecrease  I n  th e  c o n c e n tra tio n  0a measured be­
fo re  each  sweep o f  p o te n t ia l  was more pronounced when th e  r a t e  o f  p o te n t ia l  
change was in c re a s e d  and th e  elope  o f  th e  p lo t  log  X vs* lo g  t  f o r  th e  f i n a l  
s ta g e  o f  th e  drop became sm a lle r . In  th e  case  o f  th e  cobaltous io n  p re sen te d  
In  ?ig#  8 t h i s  s lo p e  was 0 ,6 2  when th e  r a t e  o f  p o te n t ia l  change was 9 v o l ts
4?
per a&o<md9 &&$I i t  wa© on ly  0*?S when to© r a t e  o f  p o te n t ia l  ©hang© was S J iJ  
v o lts  par second* Experim ents cou ld  n o t  bo c a r r ie d  o u t a t  h ig h e r  rate®  o f  
p o te n t ia l  ©hang© because to e  numerous waves touo ob ta ined  oould no lo n g er bo 
reso lv ed ,
(5) In flu en c e  o f  th e  go n o e n tra tio n  o f  re d u c ib le  substance
S x p e riaen ts  wore c a r r ie d  o u t w ith  s o lu t io n s  o f  cobaltoue  n i t r a t e  
o f  © oneentrationa w hich v a r ie d  from 2 at 10*4 to  10*5 molar* Ho a p p re c ia b le  
v a r ia tio n  o f  th e  s lo p s  o f  to© p lo t  lo g  I  va* lo g  t  f o r  th e  f i n a l  s ta g e  o f  th e  
drop was d e to o ted  when th e  c o n d itio n s  were a s  fo llo w s » freq *  2  5 sweeps pe r 
see* , r a t e  o f  p o te n t ia l  ©hang© s  15*8 v o l ts  per second, q /p  2 The slope
which was equal to  0*50 ~ 0 .0 1 , was n o t  a f fe c te d  by a change in  th e  co n cen tra ­
t io n  o f  re d u c ib le  substance*
V aria tion  o f  to e  Maximal Peak O urren t With th e  Head o f  M ercu ry .
A ccord ing  t o  t o e  H andlea-3ovcik e q u a tio n  to e  h e ig h t o f  an ©sell** 
lographi©  wave i s  p ro p o r tio n a l to  th e  f a c to r  ( s a t )  3 /5  (30 , 25) ,  m be ing  to® 
r a t e  o f  flo w  o f  m ercury and t  th e  tim e o f  to e  drop l i f e  a t  which to e  wave 
h e ig h t I s  m easu red . When th e  m ulti-sw eep method i s  employed, t  l a  p r a c t ic a l l y  
equal t o  th e  drop tim e  (5)*  S ince th e  p roduct mi i s  p r a c t i c a l ly  independen t 
Of to e  head o f  m ercury (1 5 ) , th e  maximal peak c u rre n t  should a lso  be Inde­
pendent o f  too  head of mercury* T his was a c tu a l ly  observed in  th e  case  o f r e ­
v e rs ib le  e le c tro d e  r e a c t io n s  (5 , 6 ) ,  For i r r e v e r s ib le  e le c tro d e  r e a c t io n s ,  
on th e  o th e r  hand, i t  has been observed th a t  th e  maximal peak c u rre n t  in ­
c reases  w ith  th e  head o f  m ercury (8) * T his abnormal behavior can now b© ex­
p la ined  i n  th e  fo llo w in g  manner*
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I n  ttw* p rev io u s  sec tio n , i t  was shewn t h a t  th e  c o n c e n tra tio n  0S o f 
r e d u c ib le  m a te r ia l  a t  th e  su r fa c e  o f  th e  e le c tro d e  d e c rea se s  front one swoop 
to  an o th er*  v/hen th e  head o f  m ercury i s  in c re a s e d , th e  drop tim e , and doh~ 
se q u en tly  th e  m entor o f  sweeps o f  p o te n t ia l  p e r d rop , d ecreases*  AO a r e s u l t  
th e  d e c rea se  i n  0Q i s  sm a lle r  when th e  head o f  m ercury I s  in c re a se d  and , there-*' 
fe re*  th e  maximal peak c u r r e n t  in c re a se s*
R a t i o n  o f  th e  K m i « a  Vt»k, Q u rren t Vfith 3taM» * f  th e  V oltage i!m<*
O s c illo g ra p h ic  w ares w ere recorded  f o r  v a rio u s  shape® o f  th e  v o lta g e  
wave a t  d i f f e r e n t  f r e q u e n c ie s .  The r e s u l t s  f o r  th e  re d u c tio n  o f th&llou® and 
e o b o lto u s  io n s  have bean p resen ted  I n  f ig u re s  9 and 10* The shape o f  th e  
v o lta g e  wave has been  c h a ra c te r is e d  by th e  r a t i o ,  q /p  o f  th e  q u ie sc e n t p e r io d , 
t o  t h e  p e r io d , p ,  o f  th e  v o lta g e  wave. In  th e  c ase  o f  th e  th a ll iu m  ton  
th e  e le c t r o d e  r e a c t io n  was r e v e r s ib le  end th e re  was p r a c t i c a l l y  no In f lu e n c e  
o f  th e  chape o f  v o lta g e  wave on th e  maximal peak c u r r e n t ,  ( f ig u re  9) * In  
th e  c a s e  o f  th e  i r r e v e r s i b l e  re d u c tio n  o f co b a lto u s  io n , on th e  o th e r  hand , 
th e  maximal peak c u r r e n t  depended g r e a t ly  on th e  shape o f  th e  v o lta g e  wave 
( f ig u r e  10) ,  T his phenomenon was in te r p r e te d  in  th e  fo llo w in g  manner*
In  th e  case  o f  a  r e v e r s ib le  e le c tro d e  r e a c t io n  th e re  was p r a c t i c a l l y  
bo v a r i a t i o n  o f  c o n c e n tra tio n  0a f r e e  one sweep to  a n o th e r , even when th e  
q u ie sc e n t p e rio d  was r e l a t i v e ly  s h o r t .  T h e re fo re , th e  maximal peak c u rre n t  
f o r  a  g iv e n  r a te  o f  p o te n t ia l  change d id  n o t  depend upon th e  shape o f  th e  
v o lta g e  wave.
I n  th e  case  o f an  I r r e v e r s ib le  e le c tro d e  r e a c t io n  th e  c o n c e n tra tio n  
Qm v a r ie d  from one sweep to  a n o th e r . When th e  q u iesce n t p e rio d  became longer 
fo r  a  g iven  r a t e  o f  p o te n t ia l  change more tim e was a v a i la b le  to  th e  anodic
*5
d i f fu s io n  p ro cesses*  $he d e c re a se  i n  c o n c e n tra tio n  8a f o r  th e  drop l i f e  
wee lo s e  pronounced end th e  sstxim&l peek c u r r e n t  in c re a se d  a c c o rd in g ly 4 
M i M M  .<SO M  JfofltMil. l ^ . ^ r r e i L ^ A 1^ ....the ..S*M „oe .P c t^ t i i .X .. . ih e n ^
I t  h a s  been  p re v io u s ly  re p o r te d  t h a t ,  fo r  I r r e v e r s ib le  e le c tro d e  
r e a c t io n s ,  i f  th e  c u r r e n t  I  l a  p lo t te d  a s  a  fu n c tio n  o f  th e  tors* wA th e  l in e  
i s  n o t  s t r a i g h t  a t  th e  h ig h e r  r a t e s  o f  p o te n t ia l  change (0) .  f h ie  can be seen  
from a  eociparlecn o f  th e  d a ta  which has been p re sen te d  i n  f ig u re s  p. and 10# 
fo r  th a ll iu m , which g iv e s  a  r e v e r s ib le  e le c tro d e  re a c tio n *  th e  p lo t  o f  1 vs* 
tA i s  a  s t r a i g h t  l i n e  w hich would p ass  th rough  th e  o r ig in #  fo r  co b a lt*  on 
th e  o th e r  h an d , each  cu rve  i n  th e  s e r i e s  p lo t te d  I n  f ig u re  10 should  p ass  
t h r o n g  th e  o r ig in *  I f  th e  cu rv es had been con tinued  to  th e  o r ig in  th e y  would 
have Shown a  tre& endous d ecrea se  i n  s lo p e  a t  th e  h ig h e r  r a t e s  Of p o te n t ia l#  
t h i s  may be ex p la in ed  a s  fo llow s#  I n  th e  c a se  o f  an i r r e v e r s ib le  
e le c tro d e  r e a c t io n  th e  d e c rea se  In  c o n c e n tra tio n , 0S, from one sweep t o  a n o th e r  
i s  more pronounced when th e  r a t e  o f  p o te n t ia l  change in c re a se s*  t h i s  doorcase 
i n  e o n c e n tra tio n  08 to g e th e r  w ith  th e  e f f e c t  o f  th e  r a t e  o f  th e  e le c tro d e  re** 
a c tio n  acco u n ts  f o r  th e  c u rv a tu re  i n  th e  p lo t  o f  I  vs* vA*
For a  r e v e r s ib le  e le c tro d e  r e a c t io n ,  on th e  o th e r  hand* th e  concen­
t r a t i o n  Ce rem ains p r a c t i c a l l y  c o n s ta n t from one sweep to  an o th er and th e  
isa^ f w i  peak c u r re n t  i s  p ro p o r tio n a l to  v^ a s  p re d ic te d  by th e  HandI00-S eveik  
equation*  A c tu a lly , when th e  r a t e  o f  p o te n t ia l  change i s  o f  th e  o rd e r  o f  one 
hundred v o l te  per seeond a  s l i g h t  d ecrease  in  0& may occur and th e  diagram  
e x h ib i ts  a  c u rv a tu re  a t  th o se  h ig h  v a lu e s  o f v {0)* In  o rd e r  to  
s e p a ra te  th e  in f lu e n c e  o f th e  r a t e  o f th e  c& thodlc p rocess from th e  in f lu e n c e  













































































































mI n  w hich I s  i s  th© h e ig h t  o f  th e  in v e s tig a te d  su b stan ce  co rrespond ing  b© th© 
maximum sis© o f the drop,
I  I s  th© h e ig h t  o f  th® same wav® a t  th© tim e o f  th© sing lo -sw eop  
re c o rd in g , and
( I ^ ) a  and ( l ^ ) a  a re  th® h e ig h ts  o f  th® th a l lo u s - io n  wav© by th© 
m ulti-sw eep  end by th© s in g le —sweep method r e s p e o t iv e ly .
A ll wav© h e ig h ts  a p p ea rin g  i n  th® eq u a tio n  a re  m easured a t  th© same
-' irat® o f potentia l ©hang©.
I t  should  b© p o in ted  o u t t h a t  t h i s  e q u a tio n  d id  n o t tak© in to  a e — 
count th© v a r i a t io n  o f  th e  e ls e  o f  th e  m ercury drop between th e  tim e o f  th e  
f t  l e a  wav© and th© wav© o f  th® in v e s t!g a te d  subs tans®* t h i s  o f f s e t ,  was t  
howeverv n e g l ig ib le  «• © sp eo ia lly  when th© r a t e  o f  p o te n t ia l  ©hang© was o f  th e
o rd e r  o f  10 v o l t s  p e r  second o r  m ore, a s  was th© ©aoa*
The rate o f p oten tia l change in  the a ing ls-sw eop  method was m easured 
by recording th© voltage wav© a p p lie d  to  th© c e l l  and by c a l ib r a t in g  th e  h o r i ­
zontal time a x is with a £0 e . p . s .  sin® wav®. All r e s u l t s  were o b ta in ed  a t  a 
temperature o f 50*5°S*
Th© wav© h e ig h t  f o r  Tl io n  determ ined by th© m ulti-sw eep  method 
was p lo t te d  a g a in s t  th e  square  r o o t  o f  th© rat©  o f  p o te n t ia l  change In  Fig* 11 
f o r  th e  th r e e  su p p o rtin g  e le c t r o ly te s  used  in  t h i s  in v e s tig a t io n *  Fig* 19  i s  
an  example o f  sing le-ew eop  re c o rd in g . Wav® height©  o f  H , Oo ,  and 1 0 ^
io n s  determ ined  by th e  s in g le -sw eep  and m ulti-sw eep  methods wore p lo tte d  a g a in s t
th e  sq u are  ro o t  o f  th e  rat©  o f  p o te n t ia l  change In  Figure© XU* 1% and 14. 
















































































































































IX * A .aXHOIilMWSSP OQOILMXmMlO V Q M Q m km
t% h as  been re p o r te d  by Delah&y (6) and %  B elahay taiad S t ie h l  (9) 
t h a t  th® drop tim e  f lu c tu a te s  from on® drop  t o  a n o th e r i n  th® ^ lii* # w e ® p  
method* I n  th® fo re g o in g  a tudy  o f  i r r e v e r s ib le  e le c tro d e  r e a c t io n s ,  i n  which 
a  s in g le  v o lta g e  swoop was ach ieved  w ith  a  m anually  d riv en  c i r c u i t*  i t  was 
found t h a t  th® i r r e v e r s i b i l i t y  o f  th e  anodic  p ro ce ss  c o n tr ib u te d  c o n s id e ra b ly  
to  th® d e c rea se  i n  th® c o n c e n tra tio n  o f re d u c ib le  substance  a t  th® su rfa c e  
o f  th e  d ropp ing  m ercury e le c tro d e  d u rin g  th e  l i f e  o f  a  drop* In  o rd e r  to  
e l im in a te  th e s e  u n d e s ira b le  e f f e c t s ,  c i r c u i t s  w ere design®! which would p ro*  
due® a  s in g le  v o lta g e  sweep o f  v a r ia b le  m agnitude and r a t e  o f  p o te n t ia l  change 
a t  a  d e te rm in a te  and re p ro d u c ib le  tim e i n  th e  l i f e  o f  th e  m ercury drop* 
Q a w i g u a a  o f  tfefljteM aM M Bt
The p r in o ip le a  o f  th e  e i r c u i t  oetn bo aeo n  from  th e  b lo c k  d iag ram , 
F ig u re  1 7 , and  from  th e  c i r c u i t  d iagram , F igure  IQ* th® p latinum  c o n ta c ts ,  
p lac ed  below  th e  m ercu ry  c a p i l l a r y  a re  s h o r t - c i r c u i te d  by th e  m ercury drop 
a s  i t  f a l l s ,  ©s® en su in g  v o lta g e  p u lse  i s  aeetpliflcd by th re e  a m p lif ie r  s ta g e s  
and a c t iv a t e s  a  r e la y  In  th e  p lat®  c i r c u i t  o f  th e  l a s t  a m p l i f ie r ,  When t h i s  
r e l a y  close® I t  charges a  c o n d e n se r, Whose d isch arg e  tak e s  p lace  when th® 
r e l a y  reopens*  Th® d isc h a rg e  o f  t h i s  condenser In tro d u ce s  a  tim e d e la y , Th® 
tim e  o f  th e  d e lay  can be v a r ie d .  A fte r  a  p re sc r ib e d  tim e th e  v o lta g e  drops 
t o  a  s u f f i c i e n t l y  low v a lu e  so t h a t  th e  fo llo w in g  tube  cease® be conduct,
While t h i s  tub® i s  co n d u ctin g , two re la y s  i n  i t s  plat®  c i r c u i t  a re  c lo s e d , 
a p p ly in g  a  b lan k in g  pula® to  th® cathode-*  ay tu b e  and a c tu a tin g  a  tim e , which 
m easures th® tim e o f  d e la y , When th e  r e la y  opens a  saw -too th  v o lta g e  wav® i s
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genera ted*  T h is wave l a  a m p lifie d  in  th e  fo llo w in g  tu b e  mind a p p lie d  to  th e  
p o la ro g ra p h le  © e l l .  The c u r re n t  I n  th e  c e l l  c i r c u i i  flow# through  a  c a l i b r a t ­
ed r e s i s ta n c e  and th e  p o te n t ia l  d if fe re n c e  developed a c ro ss  t h i s  r e e ls ta n c e  
l a  a m p lifie d  and a p p lie d  t o  th e  v e r t i c a l  d e f le c t io n  a m p lif ie r  o f  th e  ca th o d e - 
ray  ©aci 11 ©graph,
O B earip U o n  o t  V b»  Poljjuregra.sM .0  Q .U
The d e s ig n  and f a b r ic a t io n  o f  th e  ©lootrod© arrangem ent which detect** 
e i  th e  ftk.ll Of th e  m ercury drop was th e  r e s u l t  o f much experim en tal work. Sev­
e r a l  f a c to r s  c o n tr ib u te d  to  th e  n e c e s s i ty  fo r  c r i t i c a l  ad justm en ts to  th e  e le c ­
tro d e s  them se lves, and to  th e  r e s i s ta n c e  in  th e  g r id  c i r c u i t  o f  th e  f i r s t  am­
p l i f i e r  tu b e .  I f  th e  p o te n t ia l  a c ro ss  th e  e le c tro d e s  was to o  la rg e  th e  m ercury 
drop was caught* th u s  causing  a  perm anent s h o r t  c i r c u i t .  I t  a ls o  appeared 
t h a t  i f  th e  c u r re n t  flow  between th e  e le c tro d e s  and between th e  e le c tro d e s  
and th e  q u ie t  m ercury pool were to o  hi^h. th e  m ercury drops were cau g h t. The 
shape and r e l a t i v e  p o s i t io n s  o f  th e  two e le c tro d e s  c o n tr ib u te d  to  th e  pheno­
menon. (Jons©quently, i t  was n e c e ssa ry  to  add s u f f i c i e n t  a m p lif ie r  s ta g e s  so  
t h a t  email  p o te n t ia l s  cou ld  be used a t  th e  e le c t ro d e s .  I t  was f u r th e r  n eces­
sa ry  to  have s e p a ra te  power su p p lied  fo r  th© a m p lif ie r  c i r c u i t  and th e  rem ain­
d e r  o f  th e  c i r c u i t s  in  o rd e r  to  m inim ise c u r re n t  flow between th e  p la tinum  
e le c tro d e s  and th© (p ilo t m ercury p o o l. The shape o f  th e  e le c tro d e s  which b e e t 
s u i te d  t h e i r  fu n c tio n  was a r r iv e d  a t  by experim ent* One e le c tro d e  was made 
la rg o  and f la t te n e d  to  a  spade shape a t  th© end w hile  th e  o th e r  e le c tro d e  was 
a  t h i n ,  n e e d lo - l ik e  w ire  whose end po in ted  tow ard th e  c e n te r  o f th e  f l a t te n e d  
p o r t io n  o f  th© o th e r  e le c t ro d e , The com plete p o la r  ©graphic c e l l  arrangem ent 















































































































m * * .
Th© i n i t i a l  p o te n t i ­
a l ,  which i s  a d ju s te d  f o r  am plitude  by pg « n i p ^  end t o r  o ig jt %  sw itc h  3^# 
was iseaaured on th© m eter , whose c i r c u i t  i c  c lo sed  by-© w itch ,0^ # -th* •*** 
p H  tod© o f  th e  v o lta g e  wave i s  ad Quoted by means of th e  m u lt i - p o s i t io n  sw itc h  
3^  and I s  measured i n  th© same manner as i t  was measured i n  th© m ulti-sw eep  
method* The wave i s  a p p lie d  to  th e  o s c i l lo s c o p e , th rough  th e  v o lta g e  d iv id e r
H j  * t6Q9 whaa s8 i s  I n  p o s i t io n  XV»
y f  th e  V oltage 3yeeps The tim e a t  which th e  sweep occu rs a f t e r  
th e  f a l l  o f  th e  m ercury drop i s  a d ju s te d  by means o f  th e  m u lti—p o s i t io n  sw itch es  
3g# a  soars© a d ju s tm en t, and 3^ , a  f in e  ad ju s  tment* T his tim e was m easured 
i n  ih e  fo llow ing  way* When th e  drop f e l l ,  r e la y s  a c tu a te d  a  tim er*  T h is tim e r 
th en  operated  u n t i l  th e  s t a r t  o f  th e  v o lta g e  sweep* Thus, th e  tim e o f  th e  be— 
g inn ing  o f  th e  sweep was equal to  th e  sum o f th e  e lap sed  tim e , a s  shown by 
th e  t im e r , and th e  tim e  la g  between th e  f a l l  o f  th e  m ercury drop and th e  a c t i ­
v a tio n  o f th e  r e la y  which c o n tro l le d  th e  t im e r .  The tim e o f  th© re c o rd in g  o f  
any p a r t i c u la r  wave was eq u a l to  th e  sum o f th e se  two v a lu es  mad th e  tim e which 
e lapsed  betw een th e  s t a r t  o f  th e  v o lta g e  sweep and th e  rec o rd in g  o f  th e  wave,
The tim e la g  i n  th e  r e la y  c i r c u i t s  i a  measured by p lo t t in g  1 a g a in s t  t  f o r  some 
r e v e r s ib ly - r  educed ion* When I  i s  z e ro , t  should be a e ro , b u t , due to  th e  la g  
i n  th e  r e l a y ,  t ,  a s  re p re se n te d  on th e  graph, w i l l  a c tu a l ly  have a  n e g a tiv e  
value*  The a b so lu te  m agnitude o f  t h i s  n e g a tiv e  va lue  g iv es  th e  m agnitude o f 
th e  tim e la g  i n  th e  r e la y  c i r c u i t .  The tim e which e lap sed  between th e  s t a r t  
o f  th© v o lta g e  sweep and th© rec o rd in g  o f a  wav© was determ ined by photograph­
in g ,  on th© same f i lm , th e  c u rre n t  wave and th e  ?>^ modulated h o r iz o n ta l  sweep*
The ram bsr o f  d o ts  between -th® s t a r t  o f  th® wave and th® peak: o f  th e  reco rd ed  
wave gave th e  e la p se d  tim e* The appearance o f  tit® S-^ftodulated h o r ta o n ia l  
sweep* th e  v o lta g e  wave* and th© recorded  c u r r e n t  wave* a s  ob ta in ed  w ith  th e  
in e tru m e n t, a r e  shown i n  F igu re  Ip*
In ©surlier pages th© advantage© ©f th© Single-Stfbep method have b©©n 
diflousa«4# I t  has been stated  that ea r lier  single-w-swecp Instrument® have not 
boon su itab le for accurate an a ly tica l work* Th© in s tru m e n t designed  d u rin g  
th is  in v estig a tio n , on the o th e r  hand* has mans o f  th e  f e a tu r e s  which mad© 
the ea r lie r  Instruments Inaoeur&te* However, f u r th e r  ex p erim en ta l work w i l l  
be necessary in  order to  ascertain  whether or not th© p re s e n t in s tru m e n t i s  
free from other sources o f e rro r*  I t  should be v e r i f i e d  t h a t  the c u r r e n t  I s  
actually  a  function o f  suxd m£/3 and th e  accu racy  of th© in s tru m e n t should
be checked by determining I as a function o f  c o n c e n tra tio n  f o r  s e v e ra l  io n a .
2215*
the m aterial in  th is  th e sis  has been mad© the s u b je c t  o f four papers* 
Two have been submitted for publication -  one o f which has been accep ted  -  and 
tsro are to  be submitted in  the near future*
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R ate o f  flow  m ercury duriac; wave re c o rd in g  vo * r a t e  f o r  A
10**5 m olar Oo io n  i n  X m olar potassium  c h lo r id e
Head o f  E trc u ry Bat® o f  flew  
o f  m ercury 
(d iaoonneo ted  c e l l )
Bate o f flow  
o f  m ercury 









mg* p e r »©o* 
0*402 
0*590 
0 .791  
0*979
n m & M *
o f  peak c u r re n t  d u rin g  drop l i f e  f o r  v a r io u s  shape® o f 
voltage wave*
10*9 m olar e© baltous io n  i n  X m olar KOI*
a  st 1*79 «€* p©r 9oo«i o 8  6 sweeps p er s e e , ;  v 3  7*10 v o l t s  p e r  
see* (cu rv e  I ) ;  v a  l% ® v o l ts  p e r sep* (cu rv e  I I ) |  v :», 4^*8 v o l te  
p e r  s e e , (cu rv e  I I I ) ,  q /p  s  0 ,1 4  (cu rv e  X)* q /p  X 0*55 (cu rv e  I I ) * 
q /p  3  0*8$ (cu rv e  XXI)
V a r ia t io n  o f  peek c u r r e n t  d u rin g  drop l i f e  f o r  two f re q u e n c ie s ,
10*5 m olar oobo ltous Ion  in  i  m olar KOI 
a  s  1*79 iag* p e r  a e c , |  q /p  X Q#5&
Ourve X* s  s  4 sweeps p e r sec* ; v a  9*0 v o l ts  p e r  sec*
Ourve I I»  a X 10 sweep® p e r sec* ; v  U v o l t s  per sec*
V a r ia t io n  o f  maximal peak c u rre n t  w ith  th e  rat©  o f  p o te n t ia l  change, 
10~3 m olar th a l lo u s  Io n  in  0*5 m olar KUD^
© s  1 ,79  mg, p e r s e e , ;  t  s  5*°0 coo*
V a ria tio n  o f  maadinal peak c u rre n t  w ith  th e  r a t e  o f  p o te n t ia l  
change,
W r5  m olar co b a lto u s  io n  i n  X m olar KOI 
m s  1 ,79  mg# per e e p ,j  t  2 5 ,00  s e c .
V a r ia tio n s  o f  th e  maximal peak c u r re n t  w ith  th e  square  ro o t  o f  
th e  rat®  o f  p o te n t ia l  change f o r  10*~5 m olar th a llo u e  n i t r a t e  
s o lu t io n  i n  v a r io u s  su p p o rtin g  e le c t r o ly te s .
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Pliture 14t
S s a s a J S 1
n j& r*  Ig t
F igaro  17» 
F igure  13* 
F igu re  X9s
60
m s  0 ,9 8  mg, p e r s e c , j t  s  5«5^ ceo*
Gurve I  ex p erim en ta l curve* Gurve I I  c&l oul&ted curve 
V a r ia tio n  o f  th e  wave h e ig h t w ith  th e  aquare  r o o t  Of th e  r a t e  o f  
p o te n t ia l  change, S ingle-sw eep method vo* m u lti—sweep m ethod,
10-5  norm al HgSOj  ^ i n  0 ,5  m olar l i th iu m  s u l f a te  
a  s  0 ,9 3  mg, p e r s e c , ;  t  £  % $6 ® ec,# q /p  £ 0 ,5 ?  -  0 ,0 ?
(q  £ q u ie sc e n t p e rio d  o f  th e  v o lta g e  wave* p £ t o t a l  p e rio d  o f  th e  
v o lta g e  wave}
Gurve X} fcaulti—sweep m ethod| Gurve l i t  sing le-sw oop  m ethod; Ourve 
XXX s c a lc u la te d  by means o f  th e  R andlea-Sevoik  e q u a tio n .
Same type  o f  curve a s  F igu re  12 f o r  10*"? m olar c o b a l t  n i t r a t e  In
1 m olar sodium s u l f a t e ,
m s  0 ,93  mg, per s e c , ;  t  z  4*50 s o o , |  q /p  £  0 ,^ 4  „  0 ,0 4
Same type  o f  curve a s  F igure  12 f o r  th e  case  o f  10*5 m olar p o ta s ­
sium iod& te i n  0 ,5  m olar NaOH.
m S 0 ,9 3  mg, pe r s e c ,)  t  £  5«?0 se e ,*  q /p  S 0 ,80  „  0 ,10  
Block diagram  f o r  a  m u lti-sw eep  o s c i l lo g ra p h ic  p o la ro g ra p h ,
P o la ro g rap h ic  o e l l  c o n s tru c tio n  in  s in g le-sw eep  o s c i l lo g ra p h io  
p o la ro g rap h , Shaded a re a s  re p re s e n t  m ercury, E x te r io r  shaded 
r e o ta n g le  re p re s e n ts  a  clam p.
Block diagram  o f a  s ing le-sw eep  o s c i l lo g ra p h ic  p o la ro g rap h ,
C ir c u i t  diagram  o f  a  s in g le —sweep o s c i l lo g ra p h ic  p o la ro g ra p h , 
Upper* acco rd ing  made w ith  th e  sing le-sw eep  o s c illo g ra p h ic  p o la ro -  
g raph , 10*5 co b a lto u s  io n .
Lower; Z-modulated v o lta g e  wave.
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jgyrure ,gg)t V a ria tio n  o f  v o lta g e  w ith  tim e f o r  d i f f e r e n t  so tting©  o f  th© rat©  
o f  p o te n t ia l  change c o n tro l  on th© aing le-sw cop o s c i l lo g ra p h ic  
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VARIATION OF PEAK CUP.FEFT jjJR ILG  PROP L I F E  FOR I  U
FREQLELCIES
-t- cu rve I : ° l /p  =0 .0 8 * 0 .0 2  
x cu rveH : ° l/p  =0 . 25+0.05 
•  curveET: °!/p  = o . 5 o ± o .o 5  
ACurveJS ° l/p  = 0 . 6 8 +0 . 0 7
F I G .  9
V i . ^ T i o ; :  OF THE l.AXIHAL PEAK CURRENT ^IT H  THa RATi HE 
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K3T TO 3'SMBOLS IK PTS0E8 18
n 55*000 o*m«, X w a tt
4*7 aagahsis, 2 w a tia
r5 1*000 ohms, 2 w a tts
82,000 ohrca, 5 w a tts
1*0 sageim , 1 w a tt
*s 1,000 ohms, 2  w a tts
*7 82,000 ohsna, 1 w a tt
r8 550,000 ohms, 5 w a tts
*9 500,000 ohms, 2 w a tts
*10 2,200 a lm a, 1 w a tt
ru 5*000 ohms, 25 w a tts  adju& i& tla
*12 4*7 sogolm a, 1 w a tt
ri5 10,000 ohma, 5 w a tts
r lh  ** r  22 220,000 ohms, 1 w a tt
r a5 to 32,000 c ta e ,  1 w a tt
r55 1*5 ia©gohn, 1 w a tt
r 54 1*2 m©gohi^| 1 w a tt
r35 820,000 olmia, 1 w a tt
680,000 ahma, 1 w a tt
r5? 590,000 ohms, 1 w a tt
r 5B 270,000 ohms, 1 w a tt
r 59 220,000 ohms, 1 w a tt
75
100,000 ©lass, 1 w a tt
3^*000 ohms, 1 w a tt
*45 27 fOOO ohms ,  % w a tt
12,000 ohms, 1 w a tt
22,000 ©bias, 2 watt©
1*0 megohm, 2 w a tts
4 .7  megohms, 2 w a tts
*kO ** *62 15 ohms, 1 w a tt
*«5 10,000 ohms, 2$ w a tts
r 6i* 7 ,000  ohsaa, 10 w a tts
*$5 5,000 ohms a d ju s ta b le ,  10 w a tts
*66 0*9,999 ohms decade r e s is ta n c e  aoeurasy
*67 0 to  90 ohms i n  10 olm  s t e p ,  accuracy  0,
*60 10,000 ohms, accuracy  0 ,1 $
*69 10 ohms, accu racy  0 ,1 $
*70 2000 ohms, accuracy  G..l$
*71 45,000 ohms, 5 w a tts
*72 1 .0  mogphma, 1 w a tt
P i 10,000 ohms
Pa 10 ohms, w ired
?$ 100 ohms, w lrod
*4 1, 500,  w ired
*5 200 ohms, w ired
I f
PS 10,000 ohm#
°1 * o 5 33 a & ero fa rad s , e l e c t r o l y t i c ,  25 v o l t s
°2  = 0^ 0 .5  M o ro fa ra d s , p ap er, 600 v o l ts
4 m ic ro fa ra d s , e l e c t r o l y t i c ,  450 v o l ts
OS 1 m ic ro fa ra d , p a p e r, 600 v o l t s
% 2 s d o ro fa ra d s , o i l ,  1000 v o l ts
0*01 m ic ro fa ra d , p ap er, 600 v o l ts
°XQ 100 m ic ro fa ra d s , e l e c t r o l y t i c ,  25 v o l t s
T it  T2 6 s  J 7  ^  6  A a l
t4 V H 150 ^  6  A 0 7
% 6 V 6 ^  6 3 H
3 .F .D .T . r e la y
*a D .F .D .T . r e la y
a5 S .P .S .T . r e la y
« i 0—2D0 microararaeter
m2 0-1  v o ltm e te r  ( a t  l e a s t  5*000 ohms v o l ts )
* 22*5 v o l t  b a t te r y ,  *35* supply
B2 15 v o l t  b a t t e r y ,  "0* supply
B5
4 .5  v o l t  b a t t e r y ,  *0“ supply
b4 6 v o l t  b a t te r y ,  *A* supply
B5
1 .5  v o l t  b a t t e r y ,  *Bn supply
% 5 v o l t  b a t t e r y ,  “B* supply
®7
90 v o l t  b a t t e r y ,  *BW supply
% 45 v o l t  b a t t e r y ,  *Brt supply
7<S
% 67*5 v o l t  b a t te r y ,  ttBf< supply
V  *2 to  p la tinum  e le c tro d e s  o f  p o la r  ograp-hio o©ll
to  *2 m odu la tion"  te rm in a l o f  a*R* o o o lllo g m p b
% to  o u tp u t o f  square  wavs g e n e ra to r
t 5* % oonnoctod i n  s o r is o  w ith  e l© o trio  tim e r
t l j to  in p u t  o f  X a m p lif ie r  o f  0*R* o o o illo g fap h
to  p o la ro g rap h ic  c e l l
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CIRCUIT DIAGRAM OF A SINGLE-SWEEP OSCILLOGRAPHIC POLAROGRAPH
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VARIOUS RATES OF POTEHTXAL CFAROE AVAILABLE 'V IIH  
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